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This ECNP meeting was designed to build bridges between different constituencies of mental
illness treatment researchers from a range of backgrounds with a speciﬁc focus on enhancing
the development of novel, evidence based, psychological treatments. In particular we wished
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to explore the potential for basic neuroscience to support the development of more effective
psychological treatments, just as this approach is starting to illuminate the actions of drugs. To
fulﬁl this aim, a selection of clinical psychologists, psychiatrists and neuroscientists were
invited to sit at the same table. The starting point of the meeting was the proposition that we
know certain psychological treatments work, but we have only an approximate understanding
of why they work. The ﬁrst task in developing a coherent mental health science would
therefore be to uncover the mechanisms (at all levels of analysis) of effective psychological
treatments. Delineating these mechanisms, a task that will require input from both the clinic
and the laboratory, will provide a key foundation for the rational optimisation of psychological
treatments. As reviewed in this paper, the speakers at the meeting reviewed recent advances in
the understanding of clinical and cognitive psychology, neuroscience, experimental psychopathology, and treatment delivery technology focussed primarily on anxiety disorders and
depression. We started by asking three rhetorical questions: What has psychology done for
treatment? What has technology done for psychology? What has neuroscience done for
psychology? We then addressed how research in ﬁve broad research areas could inform the
future development of better treatments: Attention, Conditioning, Compulsions and addiction,
Emotional Memory, and Reward and emotional bias. Research in all these areas (and more) can
be harnessed to neuroscience since psychological therapies are a learning process with a
biological basis in the brain. Because current treatment approaches are not fully satisfactory,
there is an imperative to understand why not. And when psychological therapies do work we
need to understand why this is the case, and how we can improve them. We may be able to
improve accessibility to treatment without understanding mechanisms. But for treatment
innovation and improvement, mechanistic insights may actually help. Applying neuroscience in
this way will become an additional mission for ECNP.
& 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The burdens and costs of mental illness for individuals and
for society are enormous (for a review see Wittchen et al.,
2011). The impact of these illnesses is not reﬂected in the
level of resources directed towards the development of
treatments for mental illnesses. This is because there is
perceived to be a poor scientiﬁc understanding of the basis
of mental illness and its treatments (Nutt and Goodwin,
2011). One factor that prevents greater traction is the
relative fragmentation of the ﬁeld into conceptual silos that
focus narrowly on one approach to treatment development,
using a pharmacological, psychological or social framework.
This has resulted in parallel but separate efforts to develop
treatments, often narrowly based on only one level of
analysis, which do not leverage the advances made in other
ﬁelds or draw on the potentials for synergies across ﬁelds.
Table 1 illustrates where the gaps in knowledge for drug
and psychological treatment are most obvious at different
levels of potential understanding. A biochemical level of
analysis would apply to effects on neuronal receptors or
neurotransmitters; it might prove target engagement for
drugs as in radiotracer studies of receptor binding or
monoamine turnover, possible in principle using positron
emission tomography in man. Alternatively a genetic or
other molecular marker might be established simply by
pragmatic association studies. A systems target could
reﬂect behavioural or neuroimaging measures apparently
related to mechanisms mediating treatment efﬁcacy. Cognitive theory is obviously strongly invoked in psychological
treatments. Finally clinical features of individual patients

may predict treatment outcome. All or any of these levels
of analysis may contribute to treatment innovation and
personalization with drugs or psychotherapy. At present the
examples (shown as + for either treatment modality) are
not numerous and in some boxes are completely absent (-).
However, presented in this way the common ground for the
traditionally separate drug and psychotherapy approaches
appears obvious and could increasingly be nourished by
advances in neuroscience.
This ECNP meeting was held in March 2016. It represented
only one day together, but it was designed to build bridges
between different mental illness treatment researchers
from a range of backgrounds with a speciﬁc focus on
enhancing the development of novel, evidence based,
psychological treatments. In particular we wished to
explore the potential for basic neuroscience to support
the development of more effective psychological treatments (Holmes et al., 2014), just as this approach is starting
to illuminate the actions of drugs. To fulﬁl this aim, a
selection of clinical psychologists, psychiatrists and neuroscientists were invited to sit at the same table. Approximately 50% of attendees at the meeting reported that they
combined clinical and research work.
The starting point of the meeting was the proposition
that we know certain psychological treatments work, but
we have only an approximate understanding of why they
work. The ﬁrst task in developing a coherent mental health
science would therefore be to uncover the mechanisms (at
all levels of analysis) of effective psychological treatments.
Delineating these mechanisms, a task that will require input
from both the clinic and the laboratory, will provide a key
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Table 1 The gaps in understanding of how drug and
psychotherapy may work. + + + indicates the domains
where treatment innovation started. + indicates the
domain where mechanistic studies are beginning and –
indicates where contributions are yet to be made, but
may be possible.
Drug

GAP

+ + + Biochemical/Molecular
+
Neuronal system or functional
domain
–
Cognitive theory
+ + + Clinical features

Psychotherapy
–
+
+++
+++

foundation for the rational optimisation of psychological
treatments. As reviewed in this paper, the speakers at the
meeting reviewed recent advances in the understanding of
clinical and cognitive psychology, neuroscience, experimental psychopathology, and treatment delivery technology. We
started by asking three rhetorical questions, the responses
to which are summarized in the next paragraphs. We then
addressed how research in four broad research areas could
inform the development of better treatments.
We make no claim for this having been a comprehensive
meeting. Its primary focus was anxiety and mood disorders
and it was structured to promote discussion among all the
attendees, rather than didactically to cover the whole
ﬁeld. Nevertheless, the content was of great contemporary
interest and tended to conﬁrm that we seem to be at a
watershed in harnessing neuroscience for psychological
treatment research, which represents a new mission for
ECNP.

1.1.

What has psychology done for treatment?

David Clark (University of Oxford) presented the decades of
enormous progress made in the development of therapistdelivered treatments such as cognitive behavioural therapy
(CBT) for a range of psychiatric disorders. Typically tailored
for a given disorder, they have become more evidencebased, supported by RCTs with low drop-out rates and
substantial effect sizes. The strategy clinical researchers
use to develop and translate a promising cognitive theory
into a new cognitive treatment was described (Clark, 2004):
1) identify core psychological abnormalities by means of
careful clinical interviews and cognitive paradigms, 2)
develop a theory of cognitive / behavioural processes that
maintain the disorder, 3) test the theory of the maintaining
factors with experimental psychopathology studies, 4)
develop a cognitive/ behavioural treatment which targets
the maintaining factors, and 5) test the efﬁcacy and
effectiveness of the treatment in a randomized controlled
trial.
Close attention to phenomenology has identiﬁed apparently speciﬁc cognitive processes, such as negative beliefs
and mental images, or problematic attention or memory
processes, which maintain a given disorder, for example:
Panic disorder (Clark, 1986); Social Phobia (Clark, 2001);
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Posttraumatic stress disorder (PTSD) (Ehlers and Clark,
2000); Obsessive compulsive disorder (OCD) (van Oppen
and Arntz, 1994); and Generalized anxiety disorder (GAD)
(Wells, 1999). These cognitive processes provide the conceptual target for treatment. For example, patients are
trained to drop their safety-behaviours (i.e., internal mental or behavioural operations) in which patients engage to
prevent imagined catastrophes from occurring (OCD;
Deacon and Maack, 2008; PTSD: Dunmore et al., 1999;
Social phobia: Kim, 2005; Wells et al., 1995; Salkovskis
et al., 1999; Salkovskis et al., 2000; GAD: Woody and
Rachman, 1994).
The resulting ‘cognitive models’ provide the clinical
heuristic the therapist uses to formulate the case and
discuss with the patient; they are not cognitive neuroscience models per se. They predict effects on the
symptoms and can be tested pragmatically in research
experiments manipulating the cognitive processes and the
factors maintaining the disorder. When successful, versions
of these experiments can be incorporated in the treatment
protocol as so-called “behavioural experiments”. In CBT
practice the term ‘behavioural experiment’ refers to an
exercise whereby the patient tests out their predictions in
reality with the aim to challenge their maladaptive beliefs;
in neuroscience the same term refers to a research experiment conducted at a behavioural level rather than using
neuroimaging or other direct measures of brain function.
CBT behavioural experiments can afford an experiential
proof to patients of the causal relations between a particular behaviour and a particular symptom complex e.g. in
social phobia (Harvey et al., 2000).
Decomposition studies in which a full treatment is
compared to a full treatment minus a certain procedure
can in principle be used to simplify an overall recommended
package of psychological treatment techniques, an
approach in which Clark's group has been world leading.
However, there is still considerable work to be done to
create more focussed and briefer treatments. A particular
difﬁculty is the inadequate power of most feasible therapist-led studies to detect small differences between treatments. In addition, improving or reﬁning a CBT manual still
assumes that it is a better average effect that is required
rather than a more speciﬁc and personalized effect in the
individual patient. That some patients do not respond to
versions of cognitive treatment programs, represents a
challenge to the adequacy of the explanatory model on
which the treatment is based.
This approach of evidence-based CBT, with each protocol
tailored for a speciﬁc disorder (e.g. panic disorder and
social phobia), traditionally requires a high level of therapist competence; its availability inevitably limits access to
treatment. There may be ways in which developing mechanism-oriented psychotherapy informed by neuroscience can
overcome this limitation.
The challenge for any psychological treatment is to make
it accessible on a large scale. The programme, Improving
Access to Psychological treatments (IAPT) for CBT, has
provided an important example in the UK (Clark, 2011).
Lobbying and political initiatives were necessary to fund
the dissemination of treatment studies into practice. It
provides a remarkable example of implementation when
clinicians themselves are sometimes sceptical about the
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generalizability of RCTs. The IAPT programme delivers
evidence based individual therapy for anxiety and depressive disorders using traditional face-to-face CBT on a large
scale. It has required training large numbers of IAPTtherapists to deliver speciﬁc protocols, without usually
having the wider mental health professional background of
a clinical psychologist, psychiatrist or mental health nurse.
IAPT further provides systematically collected evidence of
efﬁcacy. The impact of this project on hard economic
outcomes like employment remain to be further examined.
Looking forwards, if mass implementation of treatments
can also be achieved via internet-based delivery rather than
face-to-face, the current costs of treating only 15% of the
clinical population could give access to all those who have
the internet available. The challenge of using new technology was addressed as our second rhetorical question.

1.2.

What has technology done for treatment?

The development of internet-based cognitive-behavior therapy (iCBT) was described by Christian Rück (Karolinska
Institutet). The main focus of this section was What has
the internet done for CBT, and scope of other technology
was beyond the current discussion. His thought provoking
metaphor was that the aim of iCBT is to serve lobster at
McDonalds. There have already been over 150 randomized
trials of iCBT. The patient does not attend a clinic, but
instead logs on to a secure website and works with written
self-help materials and homework assignments, which are
closely monitored by a clinician. Thus, iCBT usually involves
a therapist who provides support and feedback on each
homework assignment. The main beneﬁt of iCBT is a highly
structured content and delivery; this standardization minimizes the risk of ‘therapist drift’ (Waller, 2009). Data
ﬁdelity is also better than in traditional trials because the
primary outcome data can be entered directly into the
research database rather than via more traditional paperbased methodology and adherence to the required therapy
exercises can also be monitored precisely.
The internet psychiatry unit in Sweden (www.internetpsykiatri.se) forms part of regular health care in Stockholm for
panic disorder, depression, social anxiety disorder and irritable bowel syndrome. It was founded in 2007 and has since
treated over 4000 patients with iCBT. The patients ﬁrst
complete an online screening and, after that, see a clinician
within 21 days. If suitable, the patient can start treatment
within 7 days. Published effectiveness data show large withingroup effect sizes (Andersson et al., 2015; El Alaoui et al.,
2013; El Alaoui et al., 2015; Hedman et al., 2014). Another
comparable example is the Mindspot clinic in Australia (www.
mindspot.org.au), which treats about 15,000 patients per
year. Thus, iCBT can remove many of the usual geographical
and practical barriers that make access to CBT difﬁcult for a
large and dispersed population, but it also makes it easier for
researchers to do large scale trials within a short timeframe
(Andersson and Titov, 2014). While other countries are
following this development, about 80% of all the RCTs on
iCBT are currently from either Sweden or Australia which have
large geographical areas of notably low population density
(Arnberg et al., 2014). Internet treatment can facilitate
research about the underlying mechanism of treatment or

combination treatments. As examples, a dismantling trial by
Ljótsson et al. (Ljotsson et al., 2014) randomized 309 patients
with irritable bowel syndrome to receive either systematic
exposure + mindfulness training vs. mindfulness training only.
In another example, 128 OCD patients were randomized to
either iCBT + D-cycloserine vs. iCBT + placebo (Andersson
et al., 2015).
A further internet-based innovation that beneﬁts mental
health science is to reﬁne how to ﬁnd biomarkers of
treatment response using data generated in the internet
treatment process. A precision-based medicine approach
can use “machine learning” on data sets to match patient
with treatment for depression (Chekroud et al., 2016). As
proof of principle on a smaller scale, fMRI data and machine
learning techniques predicted long-term outcome of iCBT
for social anxiety disorder (Mansson et al., 2015). Although
larger replication trials are needed, preliminary results
from studies using machine learning techniques on such
data are promising. Given that the price of genome
sequencing for the individual patient is falling steadily and
dramatically, genetic stratiﬁcation is also an imminent
possibility. Combined with the large sample sizes possible
in iCBT-trials, the potential to ﬁnd biomarkers of treatment
response is now obvious. However, the initial trials have not
yet found signiﬁcant genome-wide candidates (Coleman
et al., 2016), which may mean larger sample sizes are
required (or, of course, that underlying hypotheses need to
be questioned). CBT is just one of many treatments that can
be delivered by the internet and new develops are being
tested though not as yet with clear success e.g. cognitive
bias modiﬁcation approaches (Boettcher et al., 2013). The
scalability of internet studies may particularly facilitate the
study of combination treatments (Williams et al., 2013).
Last but not least, the continuous development of virtual
reality (VR) is a promising technological advance in the
mental health ﬁeld. VR has the potential to simulate
speciﬁc real-life situations in which (exposure) therapy
would be difﬁcult (e.g., standing on the edge of a cliff to
treat fear of heights; scenes of war to treat post-traumatic
stress disorder). VR-products have been used in treatment
studies for more than a decade but their full potential is yet
to be realized (McCann et al., 2014).
If technology allows us to provide patients with effective,
standardized and transparent treatments without any unnecessary waiting-time, key issues become acceptability and
efﬁcacy. Two recent trials in the UK did not ﬁnd incremental
effects of iCBT compared to treatment as usual (Gilbody
et al., 2015; Phillips et al., 2014); suboptimal therapist
support and high participant attrition was notable. Thus,
iCBT may normally need facilitation by therapists and in any
case, may not be right for everyone. Technology may
facilitate the rapid conduct of better quality RCTs and
potentially further enhance our understanding of efﬁcacy
and the testing of novel cognitive hypotheses. It is very
likely to play a critical role in the translation of new ideas
into practice.

1.3.

What has neuroscience done for treatment?

Jonathon Rosier (UCL, London) explained that the last two
decades have witnessed technical, computational and
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statistical developments in neuroscience, from subcellular
mechanisms in the fruit ﬂy nervous system to large-scale
brain networks in humans. This knowledge has inspired new
theories and shapes current views in psychology. But has this
knowledge changed how mental health practitioners diagnose and treat mental disorders at all? To Roiser it seems
self-evident that (ab)normal brain functioning has the
potential to provide mechanistic insights into the etiology
of mental disorders and the effectiveness of certain treatment. These insights could in turn inspire treatment development and optimisation. Yet, the answer to our third
rhetorical question – what has neuroscience done for us? is still “not much”.
The ﬁrst obstacle may be the way we currently think about
the diagnosis and etiology of mental disorders. A typical exam
question for psychology undergraduates is “what causes
depression?”. In their answers students may point to psychosocial causes, such as early mistreatment, thinking styles, or
current life stress. Additionally, they may highlight biological
causes involving genetic predisposition, effects of drugs, stress
hormones etc. While all these factors have indeed been
associated with Major Depressive Disorder (MDD), none of
these factors shows a direct causal relationship with symptomatology across all depressed individuals. The diagnosis of
MDD, is purely symptomatic. Asking “what causes a mental
disorder?” is like asking “what causes a cough?”. This latter
‘syndrome’ has many potential causes, ranging from irritants,
viruses, bacteria, tic disorders, asthma or even lung cancer.
While these different causes may lead to the same symptom,
they require radically different treatments. If we want to use
neuroscience to gain insights into the etiology of mental
disorders, we should start by recognizing as unlikely, that
there will be a single responsible mechanism for descriptive
diagnoses like depression or anxiety, and it is therefore unlikely
that much can be revealed by a simple diagnostic test like a
brain scan (Roiser, 2015).
The second point is, not only do we need to change the
way we think about the relation between causes and
symptoms, we also need to change the way we think about
causes per se. In psychology, a distinction is often made
between “biological versus psychosocial” factors that contribute to syndrome development. This is a false dichotomy,
given that all behavior, including subjective experiences,
are associated with brain activity. This brain activity is
shaped by both genes and environment. For example, social
factors (such as parenting style and early-life stress) have
been shown to modify the expression of genes that inﬂuence
brain structure and function. The science of epigenetics is
still in its infancy, but such epigentic effects may inﬂuence
the subsequent sensitivity of an individual to stressful
stimuli (Weaver et al., 2004). In other words, our emotions,
physiological response, action tendencies, and social behaviors are driven by - and at the same time shape –
neurophysiological processes. Instead of “biological versus
psychosocial”, a more sensible distinction would be to
describe factors in terms of “proximal and distal” causes
(Roiser, 2015). Proximal causes are directly related to the
mechanisms driving symptoms (e.g., various forms of stress,
drug effects or sudden loss), and are useful targets for
treatment. Distal causes are indirectly related to the
mechanisms driving symptoms (e.g., heritability, thinking
styles, and early life experience), but may be useful targets
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for prevention. Importantly, both proximal and distal causes
drive symptoms via modiﬁcation of brain functioning.
Placing the brain at the center of psychological theories has
many potential advantages. The NIMH's Research Domains
Criteria (RDoC) has adopted a dimensional approach to understanding abnormal functioning; it moves away from describing
disorders purely based on symptomatology (with its arbitrary
boundaries), towards a clustering based on neurobiological
functioning (Insel, 2013). Such a shift is controversial. Conventional diagnosis is based on the DSM methodology
(American Psychiatric Association, 2013). It creates provisional categories that must be immediately useful in practice.
For example, the MDD diagnosis is intended to identify
patients for whom deﬁned treatments are available. The
relevant drug and psychological treatments have been tested
in RCTs that included patients who cross this diagnostic
threshold. A dimensional approach cannot currently serve
the same purpose. Over time, perhaps, it could generate a
diagnostic formulation that more closely maps onto neurobiological functioning, is putatively more ‘tangible’ and could
eventually grant mental disorders the same status as (other)
physical illnesses. It could eventually improve treatment
selection and might additionally reduce stigma associated
with mental disorders.
Arguably, one of the most exciting applications of neuroscience would be its guidance in individual treatment
selection. Recent advances in the ﬁeld of depression
research suggest that such an application may not be
entirely beyond reach. Experimental research has shown
that depression is marked by disruptions in basic cognitive
processing, including ‘cold’ cognitive deﬁcits (e.g., reduced
working memory capacity) and ‘hot’ cognitive deﬁcits (e.g.,
impaired reward processing; altered responses to emotional
faces) (Disner et al., 2011; Leppänen, 2006; Murphy et al.,
1999; Rock et al., 2014), with the latter showing early
improvement after treatment (Harmer et al., 2009a).
Neuroimaging research has demonstrated robust depression-related anomalies in the subgenual anterior cingulate
cortex (sgACC) across a range of tasks that tax ‘hot’
cognitive abilities (Ansell et al., 2012; Drevets, 2001;
Drevets et al., 1997; Grimm et al., 2009; Harrison et al.,
2009; Mayberg et al., 1999; O'Nions et al., 2011). Yet,
substantial variability in neural responses across individuals
has precluded the use of such scans for diagnostic purposes,
ﬁtting with the notion that depression is mechanistically
heterogeneous (Roiser, 2015). Rather than viewing this
heterogeneity as a problem, is has recently been argued
that this variability is actually informative when systematically reviewed, inspiring new neuropsychological models
of depression (Brooks and Stein, 2015; DeRubeis et al.,
2008; Disner et al., 2011; Franklin et al., 2016; Roiser et al.,
2012) and indicating that different treatments may work for
different syndrome subtypes (McGrath et al., 2013; Roiser
et al., 2012). For example, it seems that psychological
treatments may be most effective in individuals with
relatively normal baseline sgACC activity, while pharmacological treatments are more effective in individuals with
abnormal sgACC baseline activity (Roiser et al., 2012).
Systematically evaluating individual differences in neural
activity patterns and treatment response could eventually
allow us to move away from ‘one-size-ﬁts-all’ approaches
and towards patient-tailored treatments.
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The subsequent sessions explored how the growing neuroscience and experimental psychopathology base in ﬁve
research areas can currently inform the development of
better treatments.

2.

Attention

2.1. Gaia Scerif (University of Oxford) and Elske
Salemink (University of Amsterdam)
Current models of attention (Corbetta and Shulman, 2002)
highlight 1) the double inﬂuence of bottom-up stimuli
salience and top-down processes in attentional functioning,
and 2) how such attentional processes inﬂuence memory,
learning and action. Thus, shifting of attention may be an
important factor in determining how we learn, feel and
behave in everyday situations. Critically, attention is disordered in a range of psychopathological conditions. These
include anxiety, depression, ADHD, autism and schizophrenia. The focus of this session was on the interplay between
attention, learning and interpretation processes (Gaia
Scerif) and the implications of these ﬁndings for the
development of novel clinical applications (Elske Salemink)
primarily in the context of adolescent social anxiety.
In child development, learning processes and the factors
that modulate their interplay are of particular interest
(Amso and Scerif, 2015). Thus, attention patterns during
learning inﬂuence subsequent memory performance, and
memory encoding processes inﬂuence subsequent attention
deployment in the presence of social distractors. These
mechanisms may be essential to understand how social
anxiety can emerge during development because of failures
of attentional control (Francois et al., 2016). Cognitivebehavioral models of anxiety (Mathews and Mackintosh,
1998) have proposed that individuals with social anxiety
preferentially allocate their attention to potential sources
of threat. An overestimated interpretation of social threat
in the environment will then generate avoidance behaviors
involved in the maintenance of anxiety (Foa et al., 1986).
Experimental evidence supports this proposal (Van
Bockstaele et al., 2014). Attention bias modiﬁcation (ABM)
procedures have been developed to change attentional
biases ‘bottom up’ by direct retraining of habits of thought,
rather than ‘top down’ through verbal instructions and
explicit challenge of dysfunctional thoughts, as in CBT
(Baert et al., 2011). ABM is certainly associated with neural
changes in lateral prefrontal cortex (Browning et al., 2010).
Most of current ABM research has employed a variant of the
visual dot-probe task (Amir et al., 2008); individuals are
trained to orient attention away from negative information,
according to contingencies between emotional stimuli (e.g.,
negative vs. neutral facial expressions) and subsequent
probe detections (e.g., probe appearing in the location of
the neutral expression). Initial results in adults with clinical
social anxiety (Amir et al., 2008; Schmidt et al., 2009) were
promising enough to suggest ABM as a clinical tool to change
pathogenic mechanisms directly. This has not proved
straightforward with mixed ﬁndings to date and debate
about their signiﬁcance (Cristea et al., 2015), but further
research development is warranted.

The change in attentional bias achieved by the intervention (not always considered in various studies) may be
essential for any ABM procedure to be effective in reducing
social anxiety symptoms. If there is no abnormal bias to
begin with, ABM is not likely to reduce anxiety symptoms
and this is supported by a recent re-analysis of the Cristea
et al. meta-analysis (Grafton et al., 2017). As a route to
‘precision psychology’, the speciﬁc populations that might
beneﬁt – or not – from these interventions and the number
of sessions required to achieve a sustained change in preexisting bias should be determined in future studies.
Improvement of current ABM approaches, and indeed
other psychological treatment techniques that can harness
attentional processes, is likely to involve targeting intentional top-down regulation of attentional functioning as
well as simply training bottom-up salience contingencies
(e.g., dot-probe ABM) (Sanchez et al., 2016). In addition,
computerised training involves a large number of potentially
tedious and repetitive sessions. We will need to enhance
patient motivational to improve treatment adherence and
ensure sustained beneﬁts. Novel treatments will need to be
compared with standard CBT (Blankers et al., 2016), as well
as testing the combination of bias modiﬁcation procedures
with other therapies whether psychological or pharmacological (e.g., Browning et al., 2011; Williams et al., 2013).

3.

Conditioning

3.1. Bram Vervliet (University of Leuven) and
Andreas Olsson (Karolinska Institutet)
Bram Vervliet argued strongly that all psychotherapy can be
viewed as a learning process with a biological basis in the
brain. The challenge to psychotherapy of all descriptions is
ﬁrst to produce a desired change in behaviours, thoughts or
feelings and, second, sustain the change. Fear extinction
should be regarded as a particularly interesting translational model of behavior change. It is exemplary because
fear extinction is easy to learn, but difﬁcult to remember.
Exposure to fear provoking stimuli forms the basis of
many effective therapies for treating anxiety disorders. The
research evidence supports an inhibitory learning model for
extinction, but this model has, hitherto, had little direct
impact in clinical practice. However, substantial numbers of
patients fail to beneﬁt or relapse after treatment. Treatment failure may be related to measured deﬁcits in the
brain mechanisms that underlie exposure therapy. If these
processes can be targeted, it would improve therapy
efﬁcacy. This may be achieved by more formal application
of the ‘inhibitory learning’ model to optimize the impact of
exposure in anxious patients. This approach can be distinguished from ‘fear habituation’ or ‘belief disconﬁrmation’
strategies common within standard CBT. Exposure optimization, based on this approach, offers preliminary evidence
that model based enhancement of psychotherapy may be
feasible and desirable (Craske et al., 2014).
Improved understanding of such a model will depend on
advances in neuroscience. Animal experimentation will also
be fundamental to the elaboration of learning models of
psychotherapy. There is a long history in pharmacological
research of screening novel drug compounds in ‘animal
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models’ of psychopathology. Criteria have been developed
to estimate any model's external validity using concepts
such as face, predictive and construct validity; in other
words, how closely can the model be said to have properties
relevant to, or identical with, the target disorder. Behavioural models can also be used to study the psychological
processes underlying disordered behaviour. The same criteria employed in pharmacology are relevant to this
research. Furthermore, diagnostic validity may be an added
criterion of validity in this application. Models of anxiety
and depression can be shown to possess face, diagnostic and
construct validity. However, direct tests of predictive
validity are usually absent and could provide important
additional support (Vervliet and Raes, 2013).
If fear extinction is a key model, progress will require
studies of extinction of de novo conditioned fears in animals
with the key translational step being its extension to
conﬁrm related mechanisms in the extinction of de novo
conditioned fears in anxious human individuals. The locus of
the neurobiology of extinction appears to lie in circuits
linking dorsal anterior cingulate (dACC) / ventromedial
prefrontal cortex (vmPFC) and the amygdala (Milad et al.,
2009). Early ﬁndings with drugs that may enhance learning
have been mixed, but the principle is clear. Pharmacological
enhancement of psychotherapeutic processes may be possible alongside behavioural enhancement of the same
psychotherapeutic processes. Biofeedback (e.g. real time
fMRI monitoring of vmPFC involvement) may be a further
elaboration. The expectation is improved treatment, especially for patients who do not respond to simpler interventions. The untapped potential and possibility for synergies
makes this approach exciting.
Andreas Olsson reﬂected on how Research Domain Criteria
(RDoC) refocus on a number of psychological constructs linked
to behavioral dimensions with known neural circuitry. The
domain framework recognizes ﬁve constructs: arousal/modulation, cognition, negative valence, positive valence, and
social processes. Conditioning is a basic mechanism that
crosses these psychological constructs, has clear behavioural
dimensions and a known brain circuitry.
Traditional fear conditioning paradigms have not included
an important social dimension that must be important in
conditioning that takes place in a natural environment.
Indeed, in rodents, transmission of social conditioning has
been demonstrated between cage-mates (Bruchey et al.,
2010) and even across generations (Askew and Field, 2008;
Debiec and Sullivan, 2014). This data has parallels with the
self-reported origins of phobias: 57–78% of people with
phobias remembered direct conditioning, 17–42% remembered learning from vicarious experiences and 10–25% from
verbal information only (Askew and Field, 2008). Indirect or
vicarious experiences were also included in DSM-IV criterion
for PTSD (American Psychiatric Association, 2013). Such
social conditioning has been suggested to be a major
pathway for intergenerational transmission of anxiety disorders (Eley et al., 2015; Ginsburg et al., 2015).
Thus, there is the potential to capitalize on social
information to enhance models of the cause and treatment
of psychiatric disorders, and arguably its resolution. Indeed,
face-to-face psychological therapy is an inherently social
process. Modeling-based exposure has long been proven
effective in treatment of speciﬁc phobias (Bandura et al.,
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1967) and observational fear learning and extinction is
beginning to be mapped in the brain (Olsson et al., 2016;
Olsson and Phelps, 2007).

4.

Compulsions and addiction

4.1. Matt Field (University of Liverpool) and
Reinout Wiers (University of Amsterdam)
Contemporary theoretical models suggest addictive behaviours develop and are maintained through the interaction
of two qualitatively distinct systems (Wiers et al., 2007;
Wiers et al., 2013). These ‘dual-process’ models suggests an
imbalance between an impulsive system which becomes
sensitized following repeated drug-use, and a regulatory
process which serves to moderate the impact of the
impulsive drive.
The impulsive system is identiﬁed with the appetitive
motivation to obtain and consume drugs of abuse. The
strength of this system is determined through relative
contributions of pharmacologically enhanced learning processes, including but not limited to; incentive salience,
habit formation, and negative reinforcement. Behavioural
manifestations of a sensitized impulsive system include
cognitive biases, such as increased attention and approach
for drug-related stimuli (Wiers et al., 2007). These behaviours can be readily investigated in the laboratory using
computerised tasks. For example, approach biases can be
measured by individuals pulling or pushing a joystick to
approach or avoid a drug-related cue respectively, with
faster reaction times when approaching compared to avoiding drug-related cues indicative of an approach bias.
Attentional and approach biases have been demonstrated
in clinical and non-clinical populations, and predict quantity
and frequency of use across different drugs (Cousijn et al.,
2011; Field et al., 2009; Sharbanee et al., 2013).
The regulatory processes that moderate the impact of
impulsive reactions on behaviour are executive in nature,
and include working memory and inhibitory control. Inhibitory control is thought to be particularly relevant to
addiction: it is the ability to stop, change or delay a
response that is no longer appropriate (Logan et al.,
1984). As a higher order process, it overlaps substantially
with broader concepts such as impulse regulation and selfcontrol (Baumeister, 2014). Inhibitory control can be modelled in the laboratory using the Stop Signal or Go/No-Go
tasks (Verbruggen and Logan, 2008). These tasks require
individuals to inhibit a pre-potent motor response when
presented with an environmental signal to inhibit. Impairments in inhibitory control as measured using these tasks
are robust across different substances of abuse, with a
recent meta-analysis demonstrating a small but consistent
effect (Smith et al., 2014).
If the interaction between compulsion and control determines behaviour (Friese and Hofmann, 2009; Thush et al.,
2008), weakening the impulsive processes or strengthening
the control processes should lead to novel behavioural
interventions for substance use (Friese et al., 2011). One
approach to a psychological intervention to weaken the
impulsive system, is via computerised Cognitive Bias Modiﬁcation (CBM). Within CBM, Approach/Avoidance Training
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(AAT) is a behavioural paradigm in which individuals make a
response to avoid substance-related cues. Proof-of-concept
studies in the laboratory have led to reductions in approach
behaviour and also concurrent reductions in subsequent
alcohol consumption (Wiers et al., 2010), compared to a
control condition in which alcohol-related cues were
approached. Translation of these ﬁndings into the clinic
has also led to clinically relevant outcomes, with alcoholics
trained to avoid alcohol-related cues showing signiﬁcant
reductions in relapse rates up to one year following training
(Eberl et al., 2013; 10%; Wiers et al., 2011). However, null
ﬁndings have also been reported in heavy drinking samples
(Lindgren et al., 2015; Wiers et al., 2015) suggesting the
need for further research (see also the Attention section
above for debate concerning this ﬁeld).
The alternative (or complementary) approach targets the
other component of the dual process model, by seeking to
strengthen the control or regulatory systems. Substance-using
individuals exhibit impaired inhibitory control to drug-related
cues (Jones and Field, 2015), creating high-risk situations in
which individuals are more likely to consume substances or
relapse (Jones et al., 2013). Inhibitory Control Training (ICT)
prompts individuals to associate substance-related cues with
inhibitory responses, with the objective of inhibition or
‘stopping’ of problem behaviour outside the laboratory
(Verbruggen et al., 2014). Recent meta-analyses demonstrated
a small but robust effect on appetitive behaviour change in
the laboratory (Allom et al., 2016; Jones et al., 2016) and
proof-of-concept ICT has led to reductions in alcohol consumption relative to control groups who do not inhibit to
alcohol-related cues (Jones et al., 2013). An important
challenge - translational research using repeated ICT in heavy
drinkers - is ongoing (Jones et al., 2014; Van Deursen et al.,
2013). We may be encouraged by observations from the
parallel literature in obesity which have demonstrated weight
loss and reduction of calorie intake following repeated online
ICT (Lawrence et al., 2015; Veling et al., 2014).
The emergence of computerised CBM and ICT approaches
for addiction presents beneﬁts over traditional ‘face-toface’ psychological treatments. They can be delivered at
low cost via the internet or smartphones, so avoiding
geographical barriers and the presence of a healthcare
professional. However, underlying mechanism(s) and potential moderators are still under investigation, for example
does ICT result in a strengthened control system or extinction of approach behaviour (Jones et al., 2016)? Furthermore, engagement with training is reliant on individual's
motivation to change, and compliance without the presence
of a healthcare professional is often poor (Wiers et al.,
2015). As noticed above, the development of such novel
mechanistically-based psychological treatment interventions may still require clinical expertise in treating the
illness / symptom in question, in this case addiction.

5.

Emotional memory

5.1. Tanja Michael (University of Saarland) &
Merel Kindt (University of Amsterdam)
We are what we remember and human behavior is largely
determined by learning and memory processes (Roberts,

2014). Thus, our learning experiences and therefore our
memories shape our behaviour and our identity. The rapid
acquisition of negative emotional memories is usually
viewed as an adaptive response to ensure the survival of
an individual in potentially harmful situations. However, this
adaptive process is distorted in anxiety disorders, which are
characterized by a strong persistence and generalization of
fear to novel stimuli and contexts in the absence of actual
danger (Kindt, 2014). The attempt to modify these maladaptive memories is the main aim of CBT for anxiety
disorders. CBT is, on average, an effective treatment,
however, about 50% of patients do not respond (Holmes
et al., 2014) and return of fear and relapse after CBT is a
common phenomenon in anxiety disorders (Craske et al.,
2014).
While emotional memories are easy to acquire, they are
strong and resistant to change: the session focussed on new
insights on mechanisms and strategies to modify emotional
memories in order to enhance treatment for anxiety
disorders. One approach to strengthening re-learning in
therapies is clearly through changes in the chemical environment of the brain - whether induced behaviourally or
pharmacologically - and recently, several pharmacological
agents have been proposed as boosters of exposure therapy
for example cycloserine which has been tried in several
disorders (for a review see Hofmann et al., 2014).

5.2. Cortisol as a potential pharmacological
booster of exposure therapy
Cortisol is a steroid hormone, which is secreted in response
to stress and has several inﬂuences on body and brain
functioning. It has been shown to enhance the consolidation
of newly acquired material and inhibit the retrieval of
previously learned material (de Quervain et al., 2009). This
characteristic of cortisol makes it a promising tool to
enhance exposure therapy for anxiety disorders (Bentz
et al., 2010) and observational ﬁndings showed a reduction
in phobic fear after cortisol administration in patients with
spider phobia und social phobia (Soravia et al., 2006). The
ﬁrst double-blind placebo controlled trial on the effects of
cortisol administration on exposure therapy in height phobia
showed a signiﬁcantly greater reduction in fear of heights
both at post-treatment and at follow-up (de Quervain et al.,
2011). These ﬁndings were replicated in a placebo controlled trial with spider phobics (Soravia et al., 2014).
Cortisol levels are circadian, with high levels in the
morning and low levels in the evening. This predicts better
outcomes for exposure therapy conducted in the morning,
compared with the evening, which was conﬁrmed for fear of
spiders (Lass-Hennemann and Michael, 2014). It provides an
important proof of concept for therapy enhancement
through naturally occurring hormones. Future research
should focus on the effects of cortisol administration on
exposure treatment for more complex anxiety disorders.

5.3.

Cortisol, PTSD and intrusive memories

Cortisol has also been proposed as a treatment adjunct for
PTSD patients, who suffer from intrusive memories of the
traumatic event (de Quervain and Margraf, 2008). Intrusive
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memories reﬂect the uncontrolled and excessive retrieval of
traumatic memories (Ehlers et al., 2004). Because of the
retrieval-inhibiting effects of cortisol, continuous cortisol
administration is hypothesized to reduce intrusive memories
in PTSD. Michael presented two analog studies showing that
acute cortisol administration was able to reduce perceptual
priming for neutral stimuli in a traumatic context, a
memory process which has been shown to underlie intrusive
memories (Holz et al., 2014). A second analog study used
the trauma-ﬁlm-paradigm (an experimental tool for investigating intrusive memories in healthy participants; Bourne
et al., 2013; Clark et al., 2016; James et al., 2015; James
et al., 2016). Cortisol administration over 3 consecutive
days did not inhibit intrusive memories to the traumatic ﬁlm
clip (Graebener et al., 2017). This is in line with a recent
study in female patients with complex PTSD that also did
not ﬁnd a reduction in intrusive memories after repeated
cortisol administration (Ludascher et al., 2015). While there
is some evidence that cortisol administration directly after
a traumatic event might prevent PTSD (Hauer et al., 2014),
work is needed to clarify the exact circumstances under
which cortisol may be beneﬁcial in reducing the psychological impact of trauma, and on the core clinical feature of
intrusive memories of trauma in particular.

5.4.

Reconsolidation

As described above, extinction is an inhibitory learning
process, in which a new memory trace is formed, which
inhibits the ‘old’ fear-related memory trace. However,
while the fear-memory is very stable and easily generalizes
to another context, the new inhibitory memory trace is
rather fragile and context dependent. If, after extinction/
exposure therapy, the fear memory is still intact, it may
resurface, leading to return of fear and to relapse (Craske
et al., 2014). A promising alternative to modify fear
memory is to target the original fear memory trace directly,
by disrupting its reconsolidation. Reconsolidation occurs
after retrieval of a previously stable memory has brought
that memory into a transient labile state. In the few hours
that it takes for a memory to return to its stable state (i.e.,
to ‘re-consolidate’) it is susceptible to change. Thus,
interfering with the process of reconsolidation offers the
advantage of directly targeting the original fear memory
(Kindt et al., 2014).
Pharmacological disruption of the reconsolidation process
was observed ﬁrst in animal studies (Misanin et al., 1968;
Nader et al., 2000; Przybyslawski and Sara, 1997). It was
translated to fear conditioning in healthy volunteers (Kindt
et al., 2009) by the administration of the beta-blocker
propranolol (which inhibits noradrenaline-stimulated CREB
phosphorylation in the brain, Jockers et al., 1998). Propranolol administered before or after memory activation
reduced the conditioned fear response a day later, and
prevented the return of fear (Kindt et al., 2009). The
ﬁndings were replicated in several independent samples
(e.g., Sevenster et al., 2013; Sevenster et al., 2014; Soeter
and Kindt, 2010, 2011, 2012). Importantly, they found that
the administration of propranolol after memory activation
not only eliminated the fear response a day later, but
also blocked reinstatement, rapid reacquisition, and
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spontaneous recovery of fear. There is one study to date
which did not replicate the same pattern of results (Thome
et al., 2016). Overall, the evidence argues clearly for the
idea that propranolol can permanently modify the original
fear memory trace.
Although fear conditioning studies are thought to be a
good experimental model for pathological anxiety, it is not
clear whether the disruption of memory reconsolidation for
‘just acquired’ fear-conditioned responses, readily transfers
to pathological fear and anxiety, which are based on
stronger and older fear memories. In a recent study of high
spider anxious individuals, a very short exposure to a livespider (2 min) followed by the intake of 40 mg propranolol
was effective in reducing spider fear behaviour at posttreatment and at follow-up (Soeter and Kindt, 2015).
However, there have also been discouraging results in three
studies of PTSD patients who showed no reduction in PTSD
symptoms after attempted pharmacological blockade of
memory reconsolidation (Wood et al., 2015).

5.5.

Different expressions of emotional memory

There may be a dissociation in sensitivity to the reconsolidation-propranolol procedure, between different read-outs
of emotional memory. Laboratory ﬁndings have shown that
propranolol solely affected the amygdala-dependent startle
reﬂex, while leaving threat expectancies unaffected (Soeter
and Kindt, 2010). Correspondingly, in high spider anxious
individuals, the reduction in spider fearful behaviour after
memory reactivation plus propranolol, was not accompanied by reduced subjective ratings of fear of spiders (Soeter
and Kindt, 2015). A change in self-declared fear of spiders
followed several month later. Cognitive models suppose
dysfunctional cognitions and beliefs to be at the core of
anxiety disorders; changing those beliefs would be a prerequisite for an effective anxiety treatment, which is
incompatible with these ﬁndings.
The theme of the session was that a minor change in the
brain's chemical environment can enhance the learning
processes underlying the treatment of anxiety disorders.
However, the direct translation of basic neuroscience
research to clinical practice is painstaking. Small steps
may be required to reﬁne the optimal doses and timing of
drug administration to bridge the gap between insights from
basic neuroscience research and clinical practice. However,
the potential for using pharmacological agents creatively to
enhance learning or extinction procedures is both obvious
but, as yet largely unexplored.

6.

Reward and emotional bias

6.1. Catherine Harmer (University of Oxford) and
Andreas Mayer-Lindenberg (University of
Mannheim)
Aberrant reward and emotional processing are present in
many psychiatric disorders. An important step towards the
improvement of psychological treatment is to characterize
disease-speciﬁc phenotypes of disturbed reward and emotional processing at various levels, including behavioural
readouts and underlying neural circuitries. The aim is to
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identify speciﬁc and reliable markers as a surrogate of the
disease and of induced therapeutic effects.
Negative affective bias has provided an obvious starting
point for such studies in depression (Harmer and Cowen,
2013; Warren et al., 2015). At the behavioural level,
emotional bias has been assessed in tasks probing the ability
to recognize the emotional expression of happiness in facial
stimuli, and the categorization and recall of self-relevant
positive personality traits. In the acute depressive state,
patients performed signiﬁcantly worse than control subjects
as a result of a negative processing bias (and impaired
episodic memory) (Harmer et al., 2009b). In healthy volunteers, the administration of an antidepressant (e.g. the
noradrenaline reuptake inhibitor reboxetine or the selective
serotonin reuptake inhibitor citalopram) led to a signiﬁcant
increase in performance (Harmer et al., 2004), even as early
as 3 h after an acute dosage (Harmer et al., 2009a). The
same effect was seen in depressed patients treated with
reboxetine (Harmer et al., 2009b). In contrast, the effect of
antidepressants on self- or observer- rated mood can only
be observed after a longer delay of several weeks.
A compelling explanation is that the mood-enhancing
effects of pharmacological agents are mediated via their
direct action on emotional processing. By reducing, or even
abolishing, the bias towards negative emotional processing,
patients may be enabled to experience their environment in
a new, more positive way, which ultimately results in
symptom relief (Browning et al., 2012; Harmer et al.,
2009a). The validity of this neurocognitive model is supported by other ﬁndings. First, changes in emotional bias
are predictive of treatment outcome (Shiroma et al., 2014;
Tranter et al., 2009). Second, the changes in positive
memory bias and subsequent mood enhancement are speciﬁc to drugs effective in treating depression; similar
effects are not seen with a purely anxiolytic agent (e.g.
diazepam; Murphy et al., 2008) or in placebo conditions.
Third, the mediating effect of negative bias reduction on
symptom relief was moderated by the degree of social
support (Shiroma et al., 2014). Fourth, the early effects of
pharmacological agents on emotional bias are associated
with early changes in functional neural circuitries implicated in emotional processing, including amygdala, anterior
cingulate cortex and medial frontal cortex (Warren et al.,
2015). These early changes in emotional processing are the
ﬁrst plausible example of a biomarker to aid treatment
selection. Thus, failure to show an early effect of an
antidepressant may be a predictor of subsequent nonresponse in both clinical trials and ordinary practice.
Intriguingly, there is evidence that the same neurocognitive model holds for at least one psychological treatment. A
single session of exposure based CBT in patients with panic
disorder led to a marked reduction of emotional bias
towards threat-related information on the post-treatment
day. However, self-rated symptoms were unchanged at that
stage. The early change in emotional bias predicted symptomatic outcome at a 4-week follow up (Reinecke et al.,
2013). Similar to the work on attentional bias modiﬁcation,
a change in symptoms ﬁrst and foremost requires a change
in bias.
This neurocognitive approach, by offering a worked
example of a psychopathological biomarker, offers other
ways to enhance treatment response for depression. It
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predicts that behavioural activation therapy will
strengthen, or even accelerate, the effects of bias modiﬁcation by promoting positive experiences in the subjective
phase recovery. More mechanistically, different treatments
that rely on the same mechanism of early bias modiﬁcation,
e.g. CBT and pharmacological agents for panic disorder,
need to be tested for synergistic (e.g. super-additive) or
potential adverse (e.g. interfering) effects (Browning et al.,
2011).
The neurocognitive model of emotional bias has its origins
in the study of behaviour measures (i.e. negative affective
bias) which are an extension of the relevant phenotype. A
more radical alternative route is the in-depth characterization of the neural networks related to reward and emotion
processing and their interplay with other neural systems.
Functional neuroimaging can directly map these systems
and therefore has a great potential to inform the development and evaluation of psychological treatment because
they represent the primary locus for target engagement by
any intervention. Biomarkers in the emotional and motivational domain are also suitable for translational research,
because they are highly preserved across species. The backtranslation into the animal domain offers the opportunity to
inform the development and evaluation of novel treatments
targeting the reward circuitry.
Numerous studies have shown the ubiquity of affective
and motivational dysfunction across psychiatric conditions
and their interaction with other cognitive systems. This calls
for a trans-diagnostic and dimensional approach involving
large samples sizes in order to obtain biologically plausible
readouts (Buckholtz and Meyer-Lindenberg, 2012). A “battery” approach is promising if it allows for the reliable and
time-efﬁcient assessment of functional networks across
domains within one single session (Braun et al., 2012; Cao
et al., 2014; Loth et al., 2015; Plichta et al., 2012). The
goal is the extraction of biomarkers from these highly
complex data sets by means of multivariate analyses
techniques (Frangou et al., 2016).
Emotion and reward processing are inﬂuenced by the
immediate environment and well-known ‘environmental’ risk
factors for mental illness have been identiﬁed in epidemiological studies. Thus, social status, ethnic minority status or
urban upbringing (for a review see Meyer-Lindenberg and
Tost, 2012) are reﬂected in activation changes in primary
subcortical (e.g., amygdala) and cortical control areas (e.g.,
anterior cingulate cortex) of the reward and emotion processing systems (Akdeniz et al., 2014; Haddad et al., 2015;
Lederbogen et al., 2011; Zink et al., 2008). In order to
uncover the mechanisms underlying risk or resilience, a novel
approach with high ecological validity has been put forward in
recent research. The idea is to study individuals in their daily
environment and assess their emotional and motivation states
in dependence of environmental factors, using ambulatory
data from smartphones (Ebner-Priemer et al., 2012). The aim
is to relate these interactions to neural circuits, as successfully demonstrated in a recent study on real-life positive
affect and neural reward processing (Heller et al., 2015), and
to study these interactions in a developmental framework for
obtaining systems-level markers of environmental risk (Tost
et al., 2015).
The social environment is further constructed by dyadic
interactions with social partners (including in the
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specialized setting of psychotherapy) (Horvath et al., 2011).
These interactions can be studied in so-called hyperscanning scenarios, where the simultaneous measurement of
social partners allows for the tracking of information ﬂow
between interacting brains (Bilek et al., 2015). This
approach bears the opportunity to characterize the neural
correlates of disturbed social interaction in psychiatric
disorders, their relation to affective symptomatology, and
their modulation by pharmacological or psychological treatment. Of special interest in this respect is the development
of drugs, related to the neuropeptides oxytocin and arginine
vasopressin, which inﬂuence pro-social behaviour and which
have been shown to modulate neural circuitries for emotion
and social cognition (Kirsch et al., 2005; Meyer-Lindenberg
et al., 2009; Tost et al., 2010; Zink et al., 2010). According
to the psychobiological therapy approach, the effects of
established cognitive-behavioural protocols could be supported by pharmacological enhancement of central socioaffective processing (Meyer-Lindenberg et al., 2011).

7.

Conclusions

It is not difﬁcult to identify the need for improved psychological treatments. There was broad agreement that a
major challenge in clinical practice is that treatment
response is highly individually variable. Particular treatments are described as efﬁcacious for particular patient
populations but they do not help everyone, and it is
potentially as important to understand why a treatment
has failed as why it has worked. The responses to this unmet
need for better patient-tailored treatments were several.
However, the common themes were the improvement of
average psychological treatment effects and/ or the personalization of treatments. More effective treatments may
require reﬁnement of current approaches or innovation to
develop new ones. Personalization of treatments may be
achieved by improved diagnosis or baseline measurement,
so that the choice of approach will be optimal. Alternatively, measures of early effects on for example emotional
bias or even neurobiology (target engagement) may allow
early modiﬁcation of a treatment to achieve greater
efﬁcacy more efﬁciently than by clinical trial and error. A
ﬁner grained appreciation of treatment mechanism may be
an essential ﬁrst step to identifying personally tailored
treatments. This represents a universal call for biomarkers.
Biomarkers are essentially measures of effect proximal to
the site of action of a drug or psychological intervention.
They are not necessarily ‘biological’ – and could be behavioural or cognitive for example - but they do reﬂect the
experimental framework used to aid scientiﬁc traction.

7.1. Should we improve accessibility to
treatment, without understanding mechanisms?
Behaviour therapy and CBT, with their roots in behavioural
science, represent a fundamental advance over traditional,
analytically derived psychotherapy. There is not yet a
complete consensus that a more detailed understanding of
the microenvironment of emotional learning is required for
progress. CBT has been successfully adopted on a wide scale
for the treatment of the anxiety disorders. It builds on
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models of psychopathology, which are pragmatic and usually
unsupported by neurobiology. But they work. It is possible to
increase access by creating online programmes with or
without relatively inexpert therapy support.
The advances in information technology make trials
easier to conduct with potentially better controlled comparison conditions. Average treatment effects may be
further improved. In addition, machine learning may make
online interventions more intelligent and better tailored to
the individual patient. In the past, a particular challenge for
psychological interventions has been the design of adequately controlled trials, the demand characteristics introduced by non-blinding and the poor scalability of effective
treatments. There is clearly enormous scope for improvements in the quality and credibility of clinical trials and the
provision of low-cost computerised interventions that are
accessible to large populations just by adopting and extending online/mobile methodology. This can occur without
invoking theories grounded in neuroscience and will apply
to most pragmatic psychotherapies. Increased scale could
lead to improved measurement of relevant social outcomes
like employment and economic success.

7.2. Do we need to understand existing treatment
models and hence their mechanisms?
For treatment innovation and improvement mechanistic
insights actually help. It was widely expressed that a
multidisciplinary, evidence based approach provides the
ideal platform from which to develop novel psychological
treatments and that recent advances in psychology, neuroscience and technology make this the ideal time to push
forward in new directions – and to do so with synergies
across disciplines.
Fear conditioning provides one key mechanism linking
basic animal research and studies in healthy volunteers. The
basic science of fear conditioning has been galvanized by
fascinating new methods, based on optogenetics in particular, that allow the dissection of individual pathways in
unconstrained animals. Very chemically speciﬁc measures
can be made and a much more sophisticated account of
animal models of fear-related behaviour is increasingly
feasible. Advances of this kind promise a realization of the
wish to understand the chemical environment in which
learning occurs. It will also allow a more profound understanding of how interventions sensitize the reward system
or reduce pain. Equivalent, necessarily invasive studies in
man are not possible. However, the potential to study novel
anxiolytic drugs / behavioural treatments in essentially
similar models that translate across animal and human
models is likely to be greatly strengthened. In this way
neuroscience may directly facilitate the development of
novel treatments. The potential to use new or existing drugs
to facilitate the mechanisms underlying psychological treatments like exposure/de-sensitization – i.e. combination
treatments - is also clearly possible. Both pharmacological
and psychological therapies have a biological basis in the
brain and their synergies remain to be better understood.
Innovation can proceed from systems level behavioural
science as well. The identiﬁcation of the core psychological
systems and processes which are impaired through addiction
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has led to the development of novel behavioural interventions, via a translational research pathway. Whilst relatively
novel, some of these approaches are beginning to show
promise when translated to the clinic and will need testing
in comparison with CBT and pharmacotherapy.

7.3.

example is the ROAMER roadmap for mental health research
in Europe (Forsman et al., 2015; Haro et al., 2014).Another
example is the proposal in March 2017 by Joshua Gordon,
Director of the USA's NIMH (National Institute of Mental
Health) to pay increased attention to psychosocial interventions and experimental therapeutics (Gordon, 2017).

Are biomarkers going to be possible?
7.5.

The early change in emotional processing produced by
antidepressants is the ﬁrst plausible example of a biomarker
to aid treatment selection in psychiatry. Generalization of
this particular approach to psychotherapy may depend on
how far early target engagement and implicit changes in
emotional processing provide a common pathway for drug
and psychological therapy effects. Measures of effects on
emotional bias may be highly relevant to the forms of
psychotherapy described for attention and fear conditioning
in previous sections. They may be less relevant to top down,
reﬂective processes believed to be involved in CBT. However, the way in which patients engage in computerized
therapies may provide data that lends itself to analysis of
processes in therapy that can predict outcomes. The
cumulative evidence from psychotherapy and neuroscience
suggests a central role of reward and positive affect for the
success of psychological treatment. This calls for a stronger
emphasis on methods which increase the motivation of
patients, such as promoting therapies in a resilience framework, empowering patients by playing back study data, by
providing regular feedback and so forth.

Summary

In summary, psychological therapies are a learning process
with a biological basis in the brain. Current approaches are
not fully satisfactory. There is an imperative to understand
why not. And when psychological therapies do work we need
to understand why this is the case, and how we can improve
them. There is a need to use scientiﬁc methods to achieve
this. Meanwhile our patients are waiting. As Andrew Solomon expressed it:
“I want to say that the treatments we have for depression are appalling. They're not very effective. They're
extremely costly. They come with innumerable side
effects. They're a disaster. But I am so grateful that I
live now and not 50 years ago, when there would have
been almost nothing to be done. I hope that 50 years
hence, people will hear about my treatments and be
appalled that anyone endured such primitive science.”
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7.4.

Limitations

Clinical psychology has, within the wider mental health
arena, traditionally been seen as providing treatments for
anxiety disorders, substance use and more recently depression; most, perhaps all of the discussions at this meeting
were conﬁned to these clinical areas. The role of clinical
psychology in relation to schizophrenia and bipolar disorder
was not discussed. There is a clear need for future meetings
on psychological treatments and neuroscience and for them
to also cover such additional, important areas of mental
disorders.
Clearly, we do not yet know whether neuroscience
research can profoundly assist psychotherapy research,
without ﬁrst transforming our diagnostic practice. Moreover,
we do not know if the tools of human neuroscience are
sufﬁciently precise to effect that transformation. Advances
are likely to require new frameworks - such as a focus on
core clinical features rather than full diagnoses - and to
combine a focus on process and mechanisms within a
theoretical framework underpinning symptom change. The
endeavour may take time to yield fruit – and research
advance in this pursuit should not be at the expense of
research using other methods to improve therapies. But
nothing is lost by promoting links between brain-based and
mind-based theory; we already know that ‘mindless’ neuroscience and ‘brainless’ psychology are both incomplete
explanatory frameworks (Holmes et al., 2014; Roiser, 2015).
We also need to begin to connect the dots between the
initiatives that appear to be rising and gaining momentum
across areas and disciplines in mental health, One such

Sources of funding
We are grateful to ECNP for their support of the costs of attending
this meeting. Funding to pay the Open Access publication charges
for this article was provided by the UK Medical Research Council
[SUAG/013/RG91365].
EAH receives support from the Karolinska Institutet and the
Lupina Foundation. MB is supported by a fellowship from the MRC
(MR/N008103/1). AS is supported by a grant of the Research
Foundation Flanders [FWO reference 117438]. RMV is supported
by the European Union's Horizon 2020 research and innovation
programme under grant agreement No 705641. GMG is a NIHR Senior
Investigator. The views expressed in this publication are those of
the authors and not necessarily those of the NIHR, the National
Health Service or the Department of Health.

Conﬂict of interest statements
EAH is at the Department for Clinical Neuroscience, Karolinska
Institutet, Sweden. EAH is also an Honorary Professor of Clinical
Psychology at the University of Oxford, Department of Psychiatry,
holds an honorary contract at the Medical Research Council (MRC)
Cognition and Brain Sciences Unit, Cambridge, UK and serves on the
Board of the Charity “MQ; transforming mental health”; she
receives no remuneration for these roles. GMG is past president
of ECNP, holds a grant from Wellcome Trust, holds shares in P1vital
and has served as consultant, advisor or CME speaker for AstraZeneca, MSD, Eli Lilly, Lundbeck (/Otsuka or /Takeda), Medscape,
P1Vital, Pﬁzer, Servier. MB is employed part time by P1vital and
owns shares in P1vital Products Ltd.

From neuroscience to evidence based psychological treatments – The promise and the challenge

Contributors
All authors contributed equally.

References
Akdeniz, C., Tost, H., Streit, F., Haddad, L., Wust, S., Schafer, A.,
Schneider, M., Rietschel, M., Kirsch, P., Meyer-Lindenberg, A.,
2014. Neuroimaging evidence for a role of neural social stress
processing in ethnic minority-associated environmental risk.
JAMA Psychiatry 71, 672–680.
Allom, V., Mullan, B., Hagger, M.S., 2016. Does inhibitory control
training improve health behaviour? A meta-analysis. Health
Psychol. Rev. 10, 168–186.
American Psychiatric Association, 2013. American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental
Disorders (DSM-5s). American Psychiatric Pub.
Amir, N., Weber, G., Beard, C., Bomyea, J., Taylor, C.T., 2008. The
effect of a single-session attention modiﬁcation program on
response to a public-speaking challenge in socially anxious
individuals. J. Abnorm. Psychol. 117, 860–868.
Amso, D., Scerif, G., 2015. The attentive brain: insights from
developmental cognitive neuroscience. Nat. Rev. Neurosci. 16,
606–619.
Andersson, E., Hedman, E., Enander, J., Radu Djurfeldt, D.,
Ljotsson, B., Cervenka, S., Isung, J., Svanborg, C., Mataix-Cols,
D., Kaldo, V., Andersson, G., Lindefors, N., Ruck, C., 2015. Dcycloserine vs placebo as adjunct to cognitive behavioral
therapy for obsessive-compulsive disorder and interaction with
antidepressants: a randomized clinical trial. JAMA Psychiatry 72,
659–667.
Andersson, G., Titov, N., 2014. Advantages and limitations of
Internet-based interventions for common mental disorders.
World Psychiatry: Off. J. World Psychiatr. Assoc. 13, 4–11.
Ansell, E.B., Rando, K., Tuit, K., Guarnaccia, J., Sinha, R., 2012.
Cumulative adversity and smaller gray matter volume in medial
prefrontal, anterior cingulate, and insula regions. Biol. Psychiatry 72, 57–64.
Arnberg, F.K., Linton, S.J., Hultcrantz, M., Heintz, E., Jonsson, U.,
2014. Internet-delivered psychological treatments for mood and
anxiety disorders: a systematic review of their efﬁcacy, safety,
and cost-effectiveness. PloS One 9, e98118.
Askew, C., Field, A.P., 2008. The vicarious learning pathway to fear
40 years on. Clin. Psychol. Rev. 28, 1249–1265.
Baert, S., Koster, E.H.W., De Raedt, R., 2011. Modiﬁcation of
information-processing biases in emotional disorders: clinically
relevant developments in experimental psychopathology. Int. J.
Cogn. Ther. 4, 208–222.
Bandura, A., Grusec, J.E., Menlove, F.L., 1967. Vicarious extinction
of avoidance behavior. J. Pers. Social. Psychol. 5, 16–23.
Baumeister, R.F., 2014. Self-regulation, ego depletion, and inhibition. Neuropsychologia 65, 313–319.
Bentz, D., Michael, T., de Quervain, D.J.F., Wilhelm, F.H., 2010.
Enhancing exposure therapy for anxiety disorders with glucocorticoids: from basic mechanisms of emotional learning to
clinical applications. J. Anxiety Disord. 24, 223–230.
Bilek, E., Ruf, M., Schafer, A., Akdeniz, C., Calhoun, V.D., Schmahl,
C., Demanuele, C., Tost, H., Kirsch, P., Meyer-Lindenberg, A.,
2015. Information ﬂow between interacting human brains:
identiﬁcation, validation, and relationship to social expertise.
Proc. Natl. Acad. Sci. USA 112, 5207–5212.
Blankers, M., Salemink, E., Wiers, R.W., 2016. Cognitive behavioural therapy and cognitive bias modiﬁcation in internet-based
interventions for mood, anxiety and substance use disorders. In:
Mucic, D., Hilty, M.D. (Eds.), e-Mental Health. Springer International Publishing, Cham, pp. 193–215.

329

Boettcher, J., Leek, L., Matson, L., Holmes, E.A., Browning, M.,
MacLeod, C., Andersson, G., Carlbring, P., 2013. Internet-based
attention bias modiﬁcation for social anxiety: a randomised
controlled comparison of training towards negative and training
towards positive cues. PloS One 8, e71760.
Bourne, C., Mackay, C.E., Holmes, E.A., 2013. The neural basis of
ﬂashback formation: the impact of viewing trauma. Psychol.
Med. 43, 1521–1532.
Braun, U., Plichta, M.M., Esslinger, C., Sauer, C., Haddad, L.,
Grimm, O., Mier, D., Mohnke, S., Heinz, A., Erk, S., Walter, H.,
Seiferth, N., Kirsch, P., Meyer-Lindenberg, A., 2012. Test-retest
reliability of resting-state connectivity network characteristics
using fMRI and graph theoretical measures. NeuroImage 59,
1404–1412.
Brooks, S.J., Stein, D.J., 2015. A systematic review of the neural
bases of psychotherapy for anxiety and related disorders.
Dialog-. Clin. Neurosci. 17, 261.
Browning, M., Grol, M., Ly, V., Goodwin, G.M., Holmes, E.A.,
Harmer, C.J., 2011. Using an experimental medicine model to
explore combination effects of pharmacological and cognitive
interventions for depression and anxiety. Neuropsychopharmacology 36, 2689–2697.
Browning, M., Holmes, E.A., Charles, M., Cowen, P.J., Harmer, C.J.,
2012. Using attentional bias modiﬁcation as a cognitive vaccine
against depression. Biol. Psychiatry 72, 572–579.
Browning, M., Holmes, E.A., Murphy, S.E., Goodwin, G.M., Harmer,
C.J., 2010. Lateral prefrontal cortex mediates the cognitive
modiﬁcation of attentional bias. Biol. Psychiatry 67, 919–925.
Bruchey, A.K., Jones, C.E., Monﬁls, M.-H., 2010. Fear conditioning
by proxy: social transmission of fear during memory retrieval.
Behav. Brain Res. 214, 80–84.
Buckholtz, J.W., Meyer-Lindenberg, A., 2012. Psychopathology and
the human connectome: toward a transdiagnostic model of risk
for mental illness. Neuron 74, 990–1004.
Cao, H., Plichta, M.M., Schafer, A., Haddad, L., Grimm, O.,
Schneider, M., Esslinger, C., Kirsch, P., Meyer-Lindenberg, A.,
Tost, H., 2014. Test-retest reliability of fMRI-based graph
theoretical properties during working memory, emotion processing, and resting state. NeuroImage 84, 888–900.
Chekroud, A.M., Zotti, R.J., Shehzad, Z., Gueorguieva, R., Johnson,
M.K., Trivedi, M.H., Cannon, T.D., Krystal, J.H., Corlett, P.R.,
2016. Cross-trial prediction of treatment outcome in depression:
a machine learning approach. Lancet Psychiatry 3, 243–250.
Clark, D.M., 1986. A cognitive approach to panic. Behav. Res. Ther.
24, 461–470.
Clark, D.M., 2001. A cognitive perspective on social phobia. In:
Crozier, W.R., Alden, L.E. (Eds.), International Handbook of
Social Anxiety: Concepts, Research and Interventions Relating to
the Self and Shyness. John Wiley & Sons Ltd, New York, NY, USA,
pp. 405–430.
Clark, D.M., 2004. Developing new treatments: on the interplay
between theories, experimental science and clinical innovation.
Behav. Res. Ther. 42, 1089–1104.
Clark, D.M., 2011. Implementing NICE guidelines for the psychological treatment of depression and anxiety disorders: the IAPT
experience. Int. Rev. Psychiatry 23, 318–327.
Clark, I.A., Holmes, E.A., Woolrich, M.W., Mackay, C.E., 2016.
Intrusive memories to traumatic footage: the neural basis of
their encoding and involuntary recall. Psychol. Med. 46,
505–518.
Coleman, J.R., Lester, K.J., Keers, R., Roberts, S., Curtis, C.,
Arendt, K., Bogels, S., Cooper, P., Creswell, C., Dalgleish, T.,
Hartman, C.A., Heiervang, E.R., Hotzel, K., Hudson, J.L., InAlbon, T., Lavallee, K., Lyneham, H.J., Marin, C.E., MeiserStedman, R., Morris, T., Nauta, M.H., Rapee, R.M., Schneider,
S., Schneider, S.C., Silverman, W.K., Thastum, M., Thirlwall, K.,
Waite, P., Wergeland, G.J., Breen, G., Eley, T.C., 2016. Genome-wide association study of response to cognitive-behavioural

330
therapy in children with anxiety disorders. Br. J. Psychiatry 209,
236–243.
Corbetta, M., Shulman, G.L., 2002. Control of goal-directed and
stimulus-driven attention in the brain. Nat. Rev. Neurosci. 3,
201–215.
Cousijn, J., Goudriaan, A.E., Wiers, R.W., 2011. Reaching out
towards cannabis: approach-bias in heavy cannabis users predicts changes in cannabis use. Addiction 106, 1667–1674.
Craske, M.G., Treanor, M., Conway, C.C., Zbozinek, T., Vervliet, B.,
2014. Maximizing exposure therapy: an inhibitory learning
approach. Behav. Res. Ther. 58, 10–23.
Cristea, I.A., Kok, R.N., Cuijpers, P., 2015. Efﬁcacy of cognitive bias
modiﬁcation interventions in anxiety and depression: metaanalysis. Br. J. Psychiatry 206, 7–16.
de Quervain, D.J., Aerni, A., Schelling, G., Roozendaal, B., 2009.
Glucocorticoids and the regulation of memory in health and
disease. Front Neuroendocrinol. 30, 358–370.
de Quervain, D.J., Bentz, D., Michael, T., Bolt, O.C., Wiederhold, B.
K., Margraf, J., Wilhelm, F.H., 2011. Glucocorticoids enhance
extinction-based psychotherapy. Proc. Natl. Acad. Sci. USA 108,
6621–6625.
de Quervain, D.J., Margraf, J., 2008. Glucocorticoids for the
treatment of post-traumatic stress disorder and phobias: a novel
therapeutic approach. Eur. J Pharmacol. 583, 365–371.
Deacon, B., Maack, D.J., 2008. The effects of safety behaviors on
the fear of contamination: an experimental investigation.
Behav. Res. Ther. 46, 537–547.
Debiec, J., Sullivan, R.M., 2014. Intergenerational transmission of
emotional trauma through amygdala-dependent mother-toinfant transfer of speciﬁc fear. Proc. Natl. Acad. Sci. USA 111,
12222–12227.
DeRubeis, R.J., Siegle, G.J., Hollon, S.D., 2008. Cognitive therapy
versus medication for depression: treatment outcomes and
neural mechanisms. Nat. Rev. Neurosci. 9, 788–796.
Disner, S.G., Beevers, C.G., Haigh, E.A., Beck, A.T., 2011. Neural
mechanisms of the cognitive model of depression. Nat. Rev.
Neurosci. 12, 467–477.
Drevets, W.C., 2001. Neuroimaging and neuropathological studies of
depression: implications for the cognitive-emotional features of
mood disorders. Curr. Opin. Neurobiol. 11, 240–249.
Drevets, W.C., Price, J.L., Simpson, J.R., Todd, R.D., Reich, T.,
Vannier, M., Raichle, M.E., 1997. Subgenual prefrontal cortex
abnormalities in mood disorders. Nature 386, 824–827.
Dunmore, E., Clark, D.M., Ehlers, A., 1999. Cognitive factors
involved in the onset and maintenance of posttraumatic stress
disorder (PTSD) after physical or sexual assault. Behav. Res.
Ther. 37, 809–829.
Eberl, C., Wiers, R.W., Pawelczack, S., Rinck, M., Becker, E.S.,
Lindenmeyer, J., 2013. Approach bias modiﬁcation in alcohol
dependence: do clinical effects replicate and for whom does it
work best? Dev. Cogn. Neurosci. 4, 38–51.
Ebner-Priemer, U.W., Koudela, S., Mutz, G., Kanning, M., 2012.
Interactive multimodal ambulatory monitoring to investigate the
association between physical activity and affect. Front. Psychol.
3, 596.
Ehlers, A., Clark, D.M., 2000. A cognitive model of posttraumatic
stress disorder. Behav. Res. Ther. 38, 319–345.
Ehlers, A., Hackmann, A., Michael, T., 2004. Intrusive re-experiencing in post-traumatic stress disorder: phenomenology, theory,
and therapy. Memory 12, 403–415.
El Alaoui, S., Hedman, E., Ljotsson, B., Bergstrom, J., Andersson,
E., Ruck, C., Andersson, G., Lindefors, N., 2013. Predictors and
moderators of internet- and group-based cognitive behaviour
therapy for panic disorder. PloS One 8, e79024.
El Alaoui, S., Hedman, E., Ljotsson, B., Lindefors, N., 2015. Longterm effectiveness and outcome predictors of therapist-guided
internet-based cognitive-behavioural therapy for social anxiety
disorder in routine psychiatric care. BMJ Open 5, e007902.

G.M. Goodwin et al.
Eley, T.C., McAdams, T.A., Rijsdijk, F.V., Lichtenstein, P., Narusyte,
J., Reiss, D., Spotts, E.L., Ganiban, J.M., Neiderhiser, J.M.,
2015. The intergenerational transmission of anxiety: a childrenof-twins study. Am. J. Psychiatry 172, 630–637.
Field, M., Munafò, M.R., Franken, I.H.A., 2009. A meta-analytic
investigation of the relationship between attentional bias and
subjective craving in substance abuse. Psychol. Bull. 135,
589–607.
Foa, E.B., Kozak, M.J., Barlow, D., Cuthbert, B., Foa, U., Hallam,
D., Lang, P., Marks, I., Mcnally, R., Miller, G., Persons, J., 1986.
Emotional processing of fear: exposure to corrective information. Psychol. Bull. 99, 20–35.
Forsman, A.K., Wahlbeck, K., Aaro, L.E., Alonso, J., Barry, M.M.,
Brunn, M., Cardoso, G., Cattan, M., de Girolamo, G., EberhardGran, M., Evans-Lacko, S., Fiorillo, A., Hansson, L., Haro, J.M.,
Hazo, J.-B., Hegerl, U., Katschnig, H., Knappe, S., Luciano, M.,
Miret, M., Nordentoft, M., Obradors-Tarrago, C., Pilgrim, D.,
Ruud, T., Salize, H.J., Stewart-Brown, S.L., Tomasson, K., van
der Feltz-Cornelis, C.M., Ventus, D.B.J., Vuori, J., Varnik, A.,
Consortium, R., 2015. Research priorities for public mental
health in Europe: recommendations of the ROAMER project.
Eur. J. Public Health 25, 249–254.
Francois, J., Grimm, O., Schwarz, A.J., Schweiger, J., Haller, L.,
Risterucci, C., Bohringer, A., Zang, Z., Tost, H., Gilmour, G., MeyerLindenberg, A., 2016. Ketamine suppresses the ventral striatal
response to reward anticipation: a cross-species translational
neuroimaging study. Neuropsychopharmacology 41, 1386–1394.
Frangou, S., Schwarz, E., Meyer-Lindenberg, A., the, I., 2016.
Identifying multimodal signatures associated with symptom
clusters: the example of the IMAGEMEND project. World Psychiatry: Off. J. World Psychiatr. Assoc. 15, 179–180.
Franklin, G., Carson, A.J., Welch, K.A., 2016. Cognitive behavioural
therapy for depression: systematic review of imaging studies.
Acta Neuropsychiatr., 1–14.
Friese, M., Hofmann, W., 2009. Control me or I will control you:
impulses, trait self-control, and the guidance of behavior. J.
Res. Pers. 43, 795–805.
Friese, M., Hofmann, W., Wiers, R.W., 2011. On taming horses and
strengthening riders: recent developments in research on interventions to improve self-control in health behaviors. Self
Identity 10, 336–351.
Gilbody, S., Littlewood, E., Hewitt, C., Brierley, G., Tharmanathan,
P., Araya, R., Barkham, M., Bower, P., Cooper, C., Gask, L.,
Kessler, D., Lester, H., Lovell, K., Parry, G., Richards, D.A.,
Andersen, P., Brabyn, S., Knowles, S., Shepherd, C., Tallon, D.,
White, D., Team, R., 2015. Computerised cognitive behaviour
therapy (cCBT) as treatment for depression in primary care
(REEACT trial): large scale pragmatic randomised controlled
trial. BMJ 351, h5627.
Ginsburg, G.S., Drake, K.L., Tein, J.-Y., Teetsel, R., Riddle, M.A.,
2015. Preventing onset of anxiety disorders in offspring of
anxious parents: a randomized controlled trial of a family-based
intervention. Am. J. Psychiatry 172, 1207–1214.
Gordon, J., 2017. An Experimental Therapeutic Approach to
Psychosocial Interventions. National Institute of Mental Health,
〈https://www.nimh.nih.gov/about/director/messages/2017/
an-experimental-therapeutic-approach-to-psychosocial-interven
tions.shtml〉.
Graebener, A.H., Michael, T., Holz, E., Lass-Hennemann, J.
Repeated cortisol administration does not reduce intrusive
memories – A double blind placebo controlled experimental
study. European Neuropsychopharmacology. DOI: http://dx.doi.
org/10.1016/j.euroneuro.2017.09.001.
Grafton, B., MacLeod, C., Rudaisky, D., & Holmes, E.A. Salemink,
E., Fox, E., 2017. under review. Confusing procedures with
process when appraising the impact of CBM (cognitive bias
modiﬁcation) on emotional vulnerability British Journal of
Psychiatry, 211, 266-271.

From neuroscience to evidence based psychological treatments – The promise and the challenge
Grimm, S., Boesiger, P., Beck, J., Schuepbach, D., Bermpohl, F.,
Walter, M., Ernst, J., Hell, D., Boeker, H., Northoff, G., 2009.
Altered negative BOLD responses in the default-mode network
during emotion processing in depressed subjects. Neuropsychopharmacology 34 (932-843).
Haddad, L., Schafer, A., Streit, F., Lederbogen, F., Grimm, O.,
Wust, S., Deuschle, M., Kirsch, P., Tost, H., Meyer-Lindenberg,
A., 2015. Brain structure correlates of urban upbringing, an
environmental risk factor for schizophrenia. Schizophr. Bull. 41,
115–122.
Harmer, C.J., Cowen, P.J., 2013. 'It's the way that you look at it'–a
cognitive neuropsychological account of SSRI action in depression. Philos. Trans. R. Soc. Lond. Ser. B, Biol. Sci. 368, 20120407.
Harmer, C.J., Goodwin, G.M., Cowen, P.J., 2009a. Why do antidepressants take so long to work? A cognitive neuropsychological
model of antidepressant drug action. Br. J. Psychiatry 195,
102–108.
Harmer, C.J., O'Sullivan, U., Favaron, E., Rachel Massey-Chase, B.,
Ayres, R., Reinecke, A., Goodwin, G.M., Cowen, P.J., 2009b. Effect
of acute antidepressant administration on negative affective bias
in depressed patients. Am. J. Psychiatry 166, 1178–1184.
Harmer, C.J., Shelley, N.C., Cowen, P.J., Goodwin, G.M., 2004.
Increased positive versus negative affective perception and
memory in healthy volunteers following selective serotonin
and norepinephrine reuptake inhibition. Am. J. Psychiatry 161,
1256–1263.
Haro, J.M., Ayuso-Mateos, J.L., Bitter, I., Demotes-Mainard, J.,
Leboyer, M., Lewis, S.W., Linszen, D., Maj, M., McDaid, D.,
Meyer-Lindenberg, A., Robbins, T.W., Schumann, G., Thornicroft, G., Van Der Feltz-Cornelis, C., Van Os, J., Wahlbeck, K.,
Wittchen, H.-U., Wykes, T., Arango, C., Bickenbach, J., Brunn,
M., Cammarata, P., Chevreul, K., Evans-Lacko, S., Finocchiaro,
C., Fiorillo, A., Forsman, A.K., Hazo, J.-B., Knappe, S., Kuepper,
R., Luciano, M., Miret, M., Obradors-Tarrago, C., Pagano, G.,
Papp, S., Walker-Tilley, T., 2014. ROAMER: roadmap for mental
health research in Europe. Int. J. Methods Psychiatr. Res. 23
(Suppl 1), 1–14.
Harrison, N.A., Brydon, L., Walker, C., Gray, M.A., Steptoe, A.,
Critchley, H.D., 2009. Inﬂammation causes mood changes
through alterations in subgenual cingulate activity and mesolimbic connectivity. Biol. Psychiatry 66, 407–414.
Harvey, A.G., Clark, D.M., Ehlers, A., Rapee, R.M., 2000. Social
anxiety and self-impression: cognitive preparation enhances the
beneﬁcial effects of video feedback following a stressful social
task. Behav. Res. Ther. 38, 1183–1192.
Hauer, D., Kaufmann, I., Strewe, C., Briegel, I., Campolongo, P.,
Schelling, G., 2014. The role of glucocorticoids, catecholamines
and endocannabinoids in the development of traumatic memories and posttraumatic stress symptoms in survivors of critical
illness. Neurobiol. Learn Mem. 112, 68–74.
Hedman, E., Ljotsson, B., Kaldo, V., Hesser, H., El Alaoui, S.,
Kraepelien, M., Andersson, E., Ruck, C., Svanborg, C., Andersson, G., Lindefors, N., 2014. Effectiveness of internet-based
cognitive behaviour therapy for depression in routine psychiatric
care. J. Affect. Disord. 155, 49–58.
Heller, A.S., Fox, A.S., Wing, E.K., McQuisition, K.M., Vack, N.J.,
Davidson, R.J., 2015. The neurodynamics of affect in the
laboratory predicts persistence of real-world emotional
responses. J. Neurosci. 35, 10503–10509.
Hofmann, S.G., Otto, M.W., Pollack, M.H., Smits, J.A., 2014. dCycloserine augmentation of cognitive behavioral therapy for
anxiety disorders: an update. Curr. Psychiatry Rep. 17, 532.
Holmes, E.A., Craske, M.G., Graybiel, A.M., 2014. A call for mentalhealth science. Nature 511, 287–289.
Holz, E., Lass-Hennemann, J., Streb, M., Pfaltz, M., Michael, T.,
2014. Effects of acute cortisol administration on perceptual
priming of trauma-related material. PloS One 9, e104864.

331

Horvath, A.O., Del, Re, A.C., Fluckiger, C., Symonds, D., 2011.
Alliance in individual psychotherapy. Psychotherapy 48, 9–16.
Insel, T.R., 2013. Director’s Blog: Transforming Diagnosis.
James, E.L., Bonsall, M.B., Hoppitt, L., Tunbridge, E.M., Geddes, J.
R., Milton, A.L., Holmes, E.A., 2015. Computer game play
reduces intrusive memories of experimental trauma via reconsolidation-update mechanisms. Psychol. Sci. (0956797615583071).
James, E.L., Lau-Zhu, A., Clark, I.A., Visser, R.M., Hagenaars, M.A.,
Holmes, E.A., 2016. The trauma ﬁlm paradigm as an experimental psychopathology model of psychological trauma: intrusive memories and beyond. Clin. Psychol. Rev. 47, 106–142.
Jockers, R., Issad, T., Zilberfarb, V., de Coppet, P., Marullo, S.,
Strosberg, A.D., 1998. Desensitization of the beta-adrenergic
response in human brown adipocytes. Endocrinology 139,
2676–2684.
Jones, A., Christiansen, P., Nederkoorn, C., Houben, K., Field, M.,
2013. Fluctuating disinhibition: implications for the understanding and treatment of alcohol and other substance use disorders.
Front. Psychiatry, 22.
Jones, A., Di Lemma, L.C.G., Robinson, E., Christiansen, P., Nolan,
S., Tudur-Smith, C., Field, M., 2016. Inhibitory control training
for appetitive behaviour change: a meta-analytic investigation
of mechanisms of action and moderators of effectiveness.
Appetite 97, 16–28.
Jones, A., Field, M., 2015. Alcohol-related and negatively-valenced
cues increase motor and oculomotor disinhibition in social
drinkers. Exp. Clin. Psychopharmacol. 23, 122–129.
Jones, A., McGrath, E., Houben, K., Nederkoorn, C., Robinson, E.,
Field, M., 2014. A comparison of three types of web-based
inhibition training for the reduction of alcohol consumption in
problem drinkers: study protocol. BMC Public Health 14, 796.
Kim, E.J., 2005. The effect of the decreased safety behaviors on
anxiety and negative thoughts in social phobics. J. Anxiety
Disord. 19, 69–86.
Kindt, M., 2014. A behavioural neuroscience perspective on the
aetiology and treatment of anxiety disorders. Behav. Res. Ther.
62, 24–36.
Kindt, M., Soeter, M., Sevenster, D., 2014. Disrupting reconsolidation of fear memory in humans by a noradrenergic beta-blocker.
J. Vis. Exp. 94, 52151.
Kindt, M., Soeter, M., Vervliet, B., 2009. Beyond extinction: erasing
human fear responses and preventing the return of fear. Nat.
Neurosci. 12, 256–258.
Kirsch, P., Esslinger, C., Chen, Q., Mier, D., Lis, S., Siddhanti, S.,
Gruppe, H., Mattay, V.S., Gallhofer, B., Meyer-Lindenberg, A.,
2005. Oxytocin modulates neural circuitry for social cognition
and fear in humans. J. Neurosci. 25, 11489–11493.
Lass-Hennemann, J., Michael, T., 2014. Endogenous cortisol levels
inﬂuence exposure therapy in spider phobia. Behav. Res. Ther.
60, 39–45.
Lawrence, N.S., O'Sullivan, J., Parslow, D., Javaid, M., Adams, R.
C., Chambers, C.D., Kos, K., Verbruggen, F., 2015. Training
response inhibition to food is associated with weight loss and
reduced energy intake. Appetite 95, 17–28.
Lederbogen, F., Kirsch, P., Haddad, L., Streit, F., Tost, H., Schuch,
P., Wust, S., Pruessner, J.C., Rietschel, M., Deuschle, M.,
Meyer-Lindenberg, A., 2011. City living and urban upbringing
affect neural social stress processing in humans. Nature 474,
498–501.
Leppänen, J.M., 2006. Emotional information processing in mood
disorders: a review of behavioral and neuroimaging ﬁndings.
Curr. Opin. Psychiatry 19, 34–39.
Lindgren, K.P., Wiers, R.W., Teachman, B.A., Gasser, M.L., Westgate, E.C., Cousijn, J., Enkema, M.C., Neighbors, C., 2015.
Attempted training of alcohol approach and drinking identity
associations in US undergraduate drinkers: null results from two
studies. PloS One, 10.

332
Ljotsson, B., Hesser, H., Andersson, E., Lackner, J.M., El Alaoui, S.,
Falk, L., Aspvall, K., Fransson, J., Hammarlund, K., Lofstrom,
A., Nowinski, S., Lindfors, P., Hedman, E., 2014. Provoking
symptoms to relieve symptoms: a randomized controlled dismantling study of exposure therapy in irritable bowel syndrome.
Behav. Res. Ther. 55, 27–39.
Logan, G.D., Cowan, W.B., Davis, K.A., 1984. On the ability to inhibit
simple and choice reaction time responses: a model and a method.
J. Exp. Psychol.: Human. Percept. Perform. 10, 276–291.
Loth, E., Spooren, W., Ham, L.M., Isaac, M.B., Auriche-Benichou,
C., Banaschewski, T., Baron-Cohen, S., Broich, K., Bolte, S.,
Bourgeron, T., Charman, T., Collier, D., de Andres-Trelles, F.,
Durston, S., Ecker, C., Elferink, A., Haberkamp, M., Hemmings,
R., Johnson, M.H., Jones, E.J., Khwaja, O.S., Lenton, S., Mason,
L., Mantua, V., Meyer-Lindenberg, A., Lombardo, M.V., O'Dwyer,
L., Okamoto, K., Pandina, G.J., Pani, L., Persico, A.M., Simonoff, E., Tauscher-Wisniewski, S., Llinares-Garcia, J., Vamvakas,
S., Williams, S., Buitelaar, J.K., Murphy, D.G., 2015. Identiﬁcation and validation of biomarkers for autism spectrum disorders.
Nat. Rev. Drug Discov. 15, 70–73.
Ludascher, P., Schmahl, C., Feldmann Jr., R.E., Kleindienst, N.,
Schneider, M., Bohus, M., 2015. No evidence for differential
dose effects of hydrocortisone on intrusive memories in female
patients with complex post-traumatic stress disorder–a randomized, double-blind, placebo-controlled, crossover study. J.
Psychopharmacol. 29, 1077–1084.
Mansson, K.N., Frick, A., Boraxbekk, C.J., Marquand, A.F., Williams,
S.C., Carlbring, P., Andersson, G., Furmark, T., 2015. Predicting
long-term outcome of Internet-delivered cognitive behavior
therapy for social anxiety disorder using fMRI and support vector
machine learning. Transl. Psychiatry 5, e530.
Mathews, A., Mackintosh, B., 1998. A cognitive model of selective
processing in anxiety. Cogn. Ther. Res. 22, 539–560.
Mayberg, H.S., Liotti, M., Brannan, S.K., McGinnis, S., Mahurin, R.
K., Jerabek, P.A., Silva, J.A., Tekell, J.L., Martin, C.C., Lancaster, J.L., 1999. Reciprocal limbic-cortical function and
negative mood: converging PET ﬁndings in depression and
normal sadness. Am. J. Psychiatry 156, 675–682.
McCann, R.A., Armstrong, C.M., Skopp, N.A., Edwards-Stewart, A.,
Smolenski, D.J., June, J.D., Metzger-Abamukong, M., Reger, G.
M., 2014. Virtual reality exposure therapy for the treatment of
anxiety disorders: an evaluation of research quality. J. Anxiety
Disord. 28, 625–631.
McGrath, C., Kelley, M., Holtzheimer, P., Dunlop III, D., Craighead,
W., Franco, A., Craddock, R., Mayberg, H., 2013. Toward a
neuroimaging treatment selection biomarker for major depressive disorder. JAMA Psychiatry 70, 821–829.
Meyer-Lindenberg, A., Domes, G., Kirsch, P., Heinrichs, M., 2011.
Oxytocin and vasopressin in the human brain: social neuropeptides
for translational medicine. Nat. Rev. Neurosci. 12, 524–538.
Meyer-Lindenberg, A., Kolachana, B., Gold, B., Olsh, A., Nicodemus, K.K., Mattay, V., Dean, M., Weinberger, D.R., 2009.
Genetic variants in AVPR1A linked to autism predict amygdala
activation and personality traits in healthy humans. Mol. Psychiatry 14, 968–975.
Meyer-Lindenberg, A., Tost, H., 2012. Neural mechanisms of social
risk for psychiatric disorders. Nat. Neurosci. 15, 663–668.
Milad, M.R., Pitman, R.K., Ellis, C.B., Gold, A.L., Shin, L.M., Lasko,
N.B., Zeidan, M.A., Handwerger, K., Orr, S.P., Rauch, S.L.,
2009. Neurobiological basis of failure to recall extinction
memory in posttraumatic stress disorder. Biol. Psychiatry 66,
1075–1082.
Misanin, J.R., Miller, R.R., Lewis, D.J., 1968. Retrograde amnesia
produced by electroconvulsive shock after reactivation of a
consolidated memory trace. Science 160, 554.
Murphy, F., Sahakian, B., Rubinsztein, J., Michael, A., Rogers, R.,
Robbins, T., Paykel, E., 1999. Emotional bias and inhibitory

G.M. Goodwin et al.
control processes in mania and depression. Psychol. Med. 29,
1307–1321.
Murphy, S.E., Downham, C., Cowen, P.J., Harmer, C.J., 2008.
Direct effects of diazepam on emotional processing in healthy
volunteers. Psychopharmacology 199, 503–513.
Nader, K., Schafe, G.E., Le Doux, J.E., 2000. Fear memories require
protein synthesis in the amygdala for reconsolidation after
retrieval. Nature 406, 722–726.
Nutt, D., Goodwin, G.M., 2011. ECNP Summit on the future of CNS
drug research in Europe 2011: report prepared for ECNP by David
Nutt and Guy Goodwin. Eur. Neuropsychopharmacol. 21, 495–499.
O'Nions, E.J., Dolan, R.J., Roiser, J.P., 2011. Serotonin transporter
genotype modulates subgenual response to fearful faces using an
incidental task. J. Cogn. Neurosci. 23, 3681–3693.
Olsson, A., McMahon, K., Papenberg, G., Zaki, J., Bolger, N.,
Ochsner, K.N., 2016. Vicarious fear learning depends on
empathic appraisals and trait empathy. Psychol. Sci. 27, 25–33.
Olsson, A., Phelps, E.A., 2007. Social learning of fear. Nat.
Neurosci. 10, 1095–1102.
Phillips, R., Schneider, J., Molosankwe, I., Leese, M., Foroushani, P.
S., Grime, P., McCrone, P., Morriss, R., Thornicroft, G., 2014.
Randomized controlled trial of computerized cognitive behavioural therapy for depressive symptoms: effectiveness and
costs of a workplace intervention. Psychol. Med. 44, 741–752.
Plichta, M.M., Schwarz, A.J., Grimm, O., Morgen, K., Mier, D.,
Haddad, L., Gerdes, A.B., Sauer, C., Tost, H., Esslinger, C.,
Colman, P., Wilson, F., Kirsch, P., Meyer-Lindenberg, A., 2012.
Test-retest reliability of evoked BOLD signals from a cognitiveemotive fMRI test battery. NeuroImage 60, 1746–1758.
Przybyslawski, J., Sara, S.J., 1997. Reconsolidation of memory after
its reactivation. Behav. Brain Res. 84, 241–246.
Reinecke, A., Waldenmaier, L., Cooper, M.J., Harmer, C.J., 2013.
Changes in automatic threat processing precede and predict
clinical changes with exposure-based cognitive-behavior therapy
for panic disorder. Biol. Psychiatry 73, 1064–1070.
Roberts, A., 2014. The Incredible Unlikeliness of Being: Evolution
and The Making of Us. Heron Books, London.
Rock, P., Roiser, J., Riedel, W., Blackwell, A., 2014. Cognitive
impairment in depression: a systematic review and metaanalysis. Psychol. Med. 44, 2029–2040.
Roiser, J.P., 2015. What has neuroscience ever done for us.
Psychologist 28, 284–287.
Roiser, J.P., Elliott, R., Sahakian, B.J., 2012. Cognitive mechanisms
of treatment in depression. Neuropsychopharmacology 37,
117–136.
Salkovskis, P.M., Clark, D.M., Hackmann, A., Wells, A., Gelder, M.
G., 1999. An experimental investigation of the role of safetyseeking behaviours in the maintenance of panic disorder with
agoraphobia. Behav. Res. Ther. 37, 559–574.
Salkovskis, P.M., Wroe, A.L., Gledhill, A., Morrison, N., Forrester,
E., Richards, C., Reynolds, M., Thorpe, S., 2000. Responsibility
attitudes and interpretations are characteristic of obsessive
compulsive disorder. Behav. Res. Ther. 38, 347–372.
Sanchez, A., Everaert, J., Koster, E.H.W., 2016. Attention training
through gaze-contingent feedback: effects on reappraisal and
negative emotions. Emotion 16, 1074–1085.
Schmidt, N.B., Richey, J.A., Buckner, J.D., Timpano, K.R., 2009.
Attention training for generalized social anxiety disorder. J.
Abnorm. Psychol. 118, 5–14.
Sevenster, D., Beckers, T., Kindt, M., 2013. Prediction error governs
pharmacologically induced amnesia for learned fear. Science
339, 830.
Sevenster, D., Beckers, T., Kindt, M., 2014. Fear conditioning of SCR
but not the startle reﬂex requires conscious discrimination of
threat and safety. Front Behav. Neurosci. 8, 32.
Sharbanee, J.M., Stritzke, W.G.K., Wiers, R.W., Macleod, C., 2013.
Alcohol-related biases in selective attention and action

From neuroscience to evidence based psychological treatments – The promise and the challenge
tendency make distinct contributions to dysregulated drinking
behaviour. Addiction 108, 1758–1766.
Shiroma, P.R., Thuras, P., Johns, B., Lim, K.O., 2014. Emotion
recognition processing as early predictor of response to 8-week
citalopram treatment in late-life depression. Int. J. Geriatr.
psychiatry 29, 1132–1139.
Smith, J., Mattick, R., Jamadar, S., Iredale, J., 2014. Deﬁcits in
behavioural inhibition in substance abuse and addiction: a metaanalysis. Drug Alcohol Depend. 145, 1–33.
Soeter, M., Kindt, M., 2010. Dissociating response systems: erasing
fear from memory. Neurobiol. Learn Mem. 94, 30–41.
Soeter, M., Kindt, M., 2011. Disrupting reconsolidation: pharmacological and behavioral manipulations. Learn. Mem. 18, 357–366.
Soeter, M., Kindt, M., 2012. Erasing fear for an imagined threat
event. Psychoneuroendocrinology 37, 1769–1779.
Soeter, M., Kindt, M., 2015. An abrupt transformation of phobic
behavior after a post-retrieval amnesic agent. Biol. Psychiatry
78, 880–886.
Soravia, L.M., Heinrichs, M., Aerni, A., Maroni, C., Schelling, G.,
Ehlert, U., Roozendaal, B., de Quervain, D.J., 2006. Glucocorticoids reduce phobic fear in humans. Proc. Natl. Acad. Sci. USA
103, 5585–5590.
Soravia, L.M., Heinrichs, M., Winzeler, L., Fisler, M., Schmitt, W.,
Horn, H., Dierks, T., Strik, W., Hofmann, S.G., de Quervain, D.
J., 2014. Glucocorticoids enhance in vivo exposure-based therapy of spider phobia. Depress. Anxiety 31, 429–435.
Thome, J., Koppe, G., Hauschild, S., Liebke, L., Schmahl, C., Lis,
S., Bohus, M., 2016. Modiﬁcation of fear memory by pharmacological and behavioural interventions during reconsolidation.
PloS One 11, e0161044.
Thush, C., Wiers, R.W., Ames, S.L., Grenard, J.L., Sussman, S., Stacy,
A.W., 2008. Interactions between implicit and explicit cognition
and working memory capacity in the prediction of alcohol use in
at-risk adolescents. Drug Alcohol Depend. 94, 116–124.
Tost, H., Champagne, F.A., Meyer-Lindenberg, A., 2015. Environmental inﬂuence in the brain, human welfare and mental
health. Nat. Neurosci. 18, 1421–1431.
Tost, H., Kolachana, B., Hakimi, S., Lemaitre, H., Verchinski, B.
A., Mattay, V.S., Weinberger, D.R., Meyer-Lindenberg, A.,
2010. A common allele in the oxytocin receptor gene (OXTR)
impacts prosocial temperament and human hypothalamiclimbic structure and function. Proc. Natl. Acad. Sci. USA
107, 13936–13941.
Tranter, R., Bell, D., Gutting, P., Harmer, C., Healy, D., Anderson, I.
M., 2009. The effect of serotonergic and noradrenergic antidepressants on face emotion processing in depressed patients. J.
Affect. Disord. 118, 87–93.
Van Bockstaele, B., Verschuere, B., Tibboel, H., De Houwer, J.,
Crombez, G., Koster, E.H.W., 2014. A review of current evidence for the causal impact of attentional bias on fear and
anxiety. Psychol. Bull. 140, 682–721.
Van Deursen, D.S., Salemink, E., Smit, F., Kramer, J., Wiers, R.W.,
2013. Web-based cognitive bias modiﬁcation for problem drinkers: protocol of a randomised controlled trial with a 2x2x2
factorial design. BMC Public Health, 13.
van Oppen, P., Arntz, A., 1994. Cognitive therapy for obsessivecompulsive disorder. Behav. Res. Ther. 32, 79–87.
Veling, H., van Konnigsbruggen, G.M., Aarts, H., Stroebe, W., 2014.
Targeting impulsive processes of eating behavior via the internet. Effects on body weight. Appetite 78, 102–109.
Verbruggen, F., Logan, G.D., 2008. Response inhibition in the stopsignal paradigm. Trends Cogn. Sci. 12, 418–424.
Verbruggen, F., McLaren, I.P.L., Chambers, C.D., 2014. Banishing
the control homunculi in studies of action control and behaviour
change. Perspect. Psychol. Sci. 9, 497–524.

333

Vervliet, B., Raes, F., 2013. Criteria of validity in experimental
psychopathology: application to models of anxiety and depression. Psychol. Med. 43, 2241–2244.
Waller, G., 2009. Evidence-based treatment and therapist drift.
Behav. Res. Ther. 47, 119–127.
Warren, M.B., Pringle, A., Harmer, C.J., 2015. A neurocognitive
model for understanding treatment action in depression. Philos.
Trans. R. Soc. Lond. Ser. B, Biol. Sci. 370, 20140213.
Weaver, I.C., Cervoni, N., Champagne, F.A., D'Alessio, A.C.,
Sharma, S., Seckl, J.R., Dymov, S., Szyf, M., Meaney, M.J.,
2004. Epigenetic programming by maternal behavior. Nat.
Neurosci. 7, 847–854.
Wells, A., 1999. A cognitive model of generalized anxiety disorder.
Behav. Modif. 23, 526–555.
Wells, A., Clark, D.M., Salkovskis, P., Ludgate, J., Hackmann, A.,
Gelder, M., 1995. Social phobia: the role of in-situation safety
behaviors in maintaining anxiety and negative beliefs. Behav.
Ther. 26, 153–161.
Wiers, R.W., Bartholow, B.D., van den Wildenberg, E., Thush, C.,
Engels, R.C.M.E., Sher, K.J., Grenard, J., Ames, S.L., Stacy, A.
W., 2007. Automatic and controlled processes and the development of addictive behaviors in adolescents: a review and a
model. Pharmacol. Biochem. Behav. 86, 263–283.
Wiers, R.W., Eberl, C., Rinck, M., Becker, E.S., Lindenmeyer, J.,
2011. Retraining automatic action tendencies changes alcoholic
patients' approach bias for alcohol and improves treatment
outcome. Psychol. Sci. 22, 490–497.
Wiers, R.W., Gladwin, T.E., Hofmann, W., Salemink, E., Ridderinkhof, K.R., 2013. Cognitive bias modiﬁcation and cognitive
control training in addiction and related psychopathology:
mechanisms, clinical perspectives, and ways forward. Clin.
Psychol. Sci. 1, 192–212.
Wiers, R.W., Houben, K., Fadardi, J.S., van Beek, P., Rhemtulla, M.,
Cox, W.M., 2015. Alcohol cognitive bias modiﬁcation training for
problem drinkers over the web. Addict. Behav. 40, 21–26.
Wiers, R.W., Rinck, M., Kordts, R., Houben, K., Strack, F., 2010.
Retraining automatic action-tendencies to approach alcohol in
hazardous drinkers. Addiction (Abingdon, Engl.) 105, 279–287.
Williams, A.D., Blackwell, S.E., Mackenzie, A., Holmes, E.A.,
Andrews, G., 2013. Combining imagination and reason in the
treatment of depression: a randomized controlled trial of
internet-based cognitive-bias modiﬁcation and internet-CBT
for depression. J. Consult. Clin. Psychol. 81, 793–799.
Wittchen, H.U., Jacobi, F., Rehm, J., Gustavsson, A., Svensson, M.,
Jönsson, B., Olesen, J., Allgulander, C., Alonso, J., Faravelli, C.,
Fratiglioni, L., Jennum, P., Lieb, R., Maercker, A., van Os, J.,
Preisig, M., Salvador-Carulla, L., Simon, R., Steinhausen, H.C.,
2011. The size and burden of mental disorders and other
disorders of the brain in Europe 2010. Eur. Neuropsychopharmacol. 21, 655–679.
Wood, N.E., Rosasco, M.L., Suris, A.M., Spring, J.D., Marin, M.-F.,
Lasko, N.B., Goetz, J.M., Fischer, A.M., Orr, S.P., Pitman, R.K.,
2015. Pharmacological blockade of memory reconsolidation in
posttraumatic stress disorder: three negative psychophysiological studies. Psychiatry Res. 225, 31–39.
Woody, S., Rachman, S., 1994. Generalized anxiety disorder (GAD)
as an unsuccessful search for safety. Clin. Psychol. Rev. 14,
743–753.
Zink, C.F., Stein, J.L., Kempf, L., Hakimi, S., Meyer-Lindenberg, A.,
2010. Vasopressin modulates medial prefrontal cortex-amygdala
circuitry during emotion processing in humans. J. Neurosci. 30,
7017–7022.
Zink, C.F., Tong, Y., Chen, Q., Bassett, D.S., Stein, J.L., MeyerLindenberg, A., 2008. Know your place: neural processing of
social hierarchy in humans. Neuron 58, 273–283.

